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The working men of England are at present woe- 
fully behind the Germans in knowledge ; nay, they 
are so unwise as to despise it. 

Peculiar advantages, such as the absence of war, 
the discovery of coal, the central position of Great 
Britain and the energy of her inhabitants, have 
hitherto given her the lead over the rest of the 
world. But there are already signs of a falling 
oft in many trades. The cotton spinning trade is 
gradually declining, and in dyeing the Germans 
are far in advance of us. If we are to maintain 
our commercial supremacy, it can only be by 
making ourselves acquednted with new processes, 
and marching with the times. 

4. But it is not enough to know scientific 
principles — we must know how to apply them. 
The more a man learns, the more is he surprised 
how wonderfully little knowledge is required in 
any profession, if only he knows how to use it. 
Some of our greatest engineers knew no more than 
arithmetic, geometry, and the main principles of 
mechanics. For practical purposes, therefore, it is 
not necessary to know much, provided it is known 
tlioroughly. 

All who are well acquainted with bo know that 
there nxe some who are always asking questions, 
and never pondering over the answer, but that there 
is also another slower, but (to their mothers and 
female relations) much more tiresome, class, who 
are never content with the answer, and who alwavs 
go on till they get to the ‘‘Don’t know” stage. 
When you meet such a boy or man, help him, for 
here you have got an inventor. In schools, as. at 
present taught, repeated inspection has convinced 
me that three-quarters of the kno\\dedge imparted 
there is never digested, and hence is wwse than 
useless. This is all due to pushing the learners on 
too fast in order to prepare for some examination. 

5. The last of the qualities above enumerated is 
hand-skill. This is partly natural, parti}’’ acquired, 
but if taken early almost all children can be 
educated to it. The making of small paper toys 
and models is a very useful practice, and I 
remember hearing Mr. Nasmyth say, that all 
children ought to play at “ Spilikins.” 

The importance of hand-skill is not to be com., 
pared with that of head-skill, for in these days 
almost all accurate handwork is done by means of 
some sort of tools. Accurate eye-judgment is, 
however, most useful, and can be trained to an 
extraordinary degree. In delicacy of hand women 
generally greatly surpass men. On the other 
hand, the nervous and tactile organisation of men 
is naturally more delicate than that of women. 

6. Having thus briefly reviewed the qualities 
which it is desirable that workmen should posses.s 


and Indicated those which are principally suscep- 
tible of improvement by training, it becomes 
necessary to inquire how that training can be.st be 
acquired, and why technical education is mesre 
necessary at- the present time than it lias been in 
the past. 

In olden days trades.were cliiefly in the hands of 
privileged bodies of men, and the right to practise 
■them, could only be obtained after a long and 
. wearisome apprenticeship. The old apprenticeshi|> 
system has, however, broken down, and there- 
appears little probability of its restoration. The 
causes of this are partly the spread of trade secrets 
by means of printing, partly the di.scjrganisatlon oi’ 
our social life by means of railways, partly increased 
facilities for emigration, and partly the intro-- 
duction of machinery, and the consequent develop- 
ment of the factory system. 

The result has been bad. In spite of onr great 
improvemev.ts in knowledge and in invention, tlu^ 
workman has not kept pace with the time. 

Boys are far tro soon liberated from the hoalthv 
control of their parents or foremen, and are far loi. 
anxious to earn immediate wage.s, rather fliati ’ 
look to more distant but higher remuneration. 

If this movement continue.s, the effect will be 
to drive from England all the trades requiring high 
knowledge or delicate skill, and to leave ""ns h. 
possession only of those which are conducted by a 
highly educated body of foremen or engineers* 
directing labour of a dull and unintelligent order. 

This would be deeply regrettable, and would also 
infallibly end in the lowering of wages. It is 
therefore highly necessary, not only for the genera! 
prospects of manufacture in Great Britain, but also 
for the prospects of our workmen, that some efiorr 
should be made to replace or supplement tho 
apprenticeship system by means of technical 
education. 

7. An attentive perusal of the above remarks will 
have prepared us to see that there are really three* 

* .stages or degrees in technical education in an}- 
craft or art. Blrst there is the purely theoretical 
stage; .secondly, the semi-theoretic .stage, in whseJ? 
the application is taught of theoretical truth tc. 
practice ; and lastly there is the actual instruction' 
in the art itself. • An example may make this mnn? 
clear. Suppose that a man’s business w'ere to rnakr* 
baths out of zinc in various shapes and forms and of 
sizes which constantly varied. He ought first to be a 
bit of a geometrician. He ought to be able to draw 
not only a circle of any size, but an ellipse, or, if 
need be, a parabola. Then he should be able to 
divide up a line into any number of jrarts, to draw 
an angle of any size, to draw a hexagon, a pentagon, 
or a square in a^pircle,. to inscribe a .circle in any 
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triangle, to calculate the length of the circumfer-, 
ence of a circle, to calculate the cubic content of 
any figure, and estimate how much liquid it would 
hold. If he could do all this well, he would possess 
a very fair knowledge of geometry. This would be 
the first stage of his learning. But it would not be 
enough, for he must next know how to a,pply his 
knowledge. For instance, he would have to know 
the sizes in which baths are generally made, what is 
the shape of them that is most convenient, how 
cisterns should be constructed, how the joints 
should be made, and other similar matters. Here, 
then, ' he is in the second stage; he is now in 
“geometry applied to bath- making.” Notice that 
as yet he may not have handled a tool, he would be 
a mere designer or architect of baths or cisterns ; 
but when be takes his she^ars and bitt in hand and 
proceeds to carry out his theories he then becomes 
a workman. The first question that arises is, which 
of these ought to come first ? For a man of very 
high education probably they should be taken in 
the order given above ; but in instructing workmen 
it is best to take them in the inverse order. Thus, 
for instance, suppose you had the task of instruct- 
ing a class of intelligent workmen how to make 
electric bells. You might, if you chose, begin with 
theoretical electricity and 'work downwards, but I 
have generally found it best to make a bell first, 
before the class, and then to work backwards. 

“ Here is a bell : you see its parts, the gong, clapper, 
armature, magnet, wire, terminals, and stand. 

I turn on the electricity. The bell rings. Why 
does it ring? — Because the magnet attracts the 
armature. Why is this? — Because the electricity 
makes it magnetic. Why does it do so ?” Thus by 
reversing the process, by proceeding in what is 
called the analytic method, instead of the synthetic, 
you wfill interest your class ; whereas if you begin 
with the theory, the application of which they cannot 
see for a long time, you will weary them. Besides 
this, if they work backwards, they will see what is 
important, and on what points to concentrate their 
attention. The principle of this plan may be 
explained by saying generally that you should by 
a practical example first show the need of the 
investigation you are going to make and then 
gradually pursue it. When you have done, you 
might then proceed to illustrate it further thus : — 
Suppose we have a bell, could we not be content to 
see it ring without hearing the sound ; instead of a 
clapper, to put a little index finger and watch it ? 
Could we not even signal in such a manner by 
giving one or more taps ? Could we not then make 
the magnets smaller, as the needle is so light, and 
thus do with less electricity ? , Let us try — let us 
iiQ|ike such a machine ; we do so, and find that we 
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have got the electric telegraph. But further, if we 
fix a pen to the clapper and modify our arrange- 
ments, we get the printing telegraph ; and more 
wonderful still, if we make the clapper out of a bit 
of sheet iron and screw it down tight, we can 
actually transmit speech, and we have got the 
telephone. 

These considerations show us that in technical 
education we should always endeavour to observe 
two rules, viz., to proceed from the known to the 
unknown, and so far as possible to show the' 
dependence of what is taught upon wide general 
principles. 

8. Learning of all kinds may be pursued from 
one of tvvo motives, either from the pleasure it 
gives and its ennobling effect, or else as a means of 
gaining money. In the very materialistic age in 
which we live, when each successive year shows a 
decreasing desire for ideals, and an increasing 
desire of all classes for comforts and luxuries, 
when philanthropy, legislation, and politics are 
directed principally to increase our material wel- 
fare, when in fact the age is almost wholly 
dominated by epicurean philosophy, it is not to be 
expected that the working classes will escape these 
tendencies. On the contrary, materialism is almost 
the sole end of the socialistic or democratic move- 
ments of the day. Hence, then, it will be found in 
general in technical schools that those branches of 
study are most pursued which end in improved 
wages. ’ This, though it may be regrettable, is to a 
great extent inevitable, and is not nearly as great 
an evil as at first sight appears. The best com- 
mencement for a young workman is a thorough 
understanding of the principles of his own trade. 
If ever lie is to rise to higher things, it will not be 
by passing his own trade over, but through it, and 
by means of it. The fortunate man whose lot lies 
neither in being a mere quill-driver on the one han<l, 
nor a mere factory hand on the other, into whose 
life a little invention or art can enter, whether it be 
the laying out of a garden, the decoration of a 
room, the planning and laying on of gas and water, 
or any other trade that involves responsibility and 
thought, is surrounded with the mysteries of 
nature. They hem him in on all sides, and he can 
make no one step forward in any detail of his trade 
without having the opportunity of self-culture. 

He is not condemned like the lawyer to master' 
the intiicacies of Acts of Parliament made in ignor- 
ance one day and altered in ignorance on the 
morrow, or like the banker or tradesman to watch 
as if for his life the fluctuations of arbitrary market 
prices ; his study is the laws of nature, of physics, 
of chemistry, as applied in the service of man ; ami 
if he will work, it i.s almost impossible for him to 
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improve liis wages without also improving his mind. 
Hence, then, it is a healthy sign in technical 
schools when the men are zealous in studying their 
own trades; and though perhaps in Manchester 
they carry this zeal to an excess, yet elsewhere it 
has been found that every technical school which 
has been set up possesses a fair share of students 
who love knowledge for its own sake. 

9. It remains only to add a few words upon the 
relation of technical schools to art. The art teach- 
ing of this country, which has been established 
among us for nearly half a century, has upon the 
whole been productive of great benefit, but our 
design is still very imperfect. Much — ^very much 
has been done in pottery, and much in fabrics and 
wall papers ; a few really beautiful patterns are to 
be seen in almost every shop; but our silver work, 
our metal work, and our glass are, as a rule, beneath 
contempt from an artistic point of view, and our 
furniture is very poor. An especially hideous 
description of art seems to pervade all our cast- 
work whether in iron or brass ; knockers, door- 
knobs, lamps, balustrades, chandeliers, gas 
brackets, tea and coffee pots, exhibit a wild jumble 
of Egyptian, Assyrian, Gothic, Greek, or Bococo, 
put together without taste or judgment. It is 
perhaps not quite so bad as the terrible specimens 
of a like nature which come from America, but is 
liopelessiy inferior to similar art in France. 

The great work of our art classes in technical 
schools should be to remedy these defects ; not to 
aim at high art as they almost invariably do, but to 
get out simple household articles of beautiful and 
ingenious patterns. A single glance at a collection 
of door-knockers from Pompeii will convince any- 
one who is sceptical on this head. We must 
pitilessly laugh down our bad picture - painters, 
remembering that a good painter is as rare as a 
good poet, and that a bad picture ought no more to 
be tolerated than a stupid poem. Yet the same 
student, who would blush to read his silly verses, 
will display with the pride of ignorance a vulgar 
daub in oil— aye, and get a medal for doing it, not 
because it is good, but because a prize must be 
given to somebody to satisfy our senseless system 
of rewarding people for doing what they ought to 
be dissuaded from attempting. ' 

So far then as art is concerned, a technical 
school should confine its attention to industrial 
art, leaving the future Bembrandts and Titians 
to study in establishments more suited to their 
aspirations. 

10. In conclusion, it should not be forgotten that 
we owe a duty to our girls as well as to our young 
men. So long as it is the custom of our race (and 
it has lasted long) that the man should be the 


principal bread-winner, and that at least after 
marriage a woman’s chief care should be the house- 
hold and children, so long it will be far more 
important that the men should be technically 
educated than the women. Women are not found 
to desire to study most of the trades, with the 
exception of art design, wdi ere their taste, and 
feeling are of the highest value. 

But it has hitherto been found practicable and 
desirable to open to them all the men’s classes 
without exception, and mixed bodies of students 
work exceedingly well in practice. On the other 
hand, there are certain classes, such as tlios.e for 
dressmaking, dress-fitting, millinery and cooking, 
which it is usual to restrict to women, and in our 
towns it has hitherto been very disappointing to 
find how few avail themselves of these adva,iitages. 
Speaking generally, it is probably almost impossible 
to find over the whole world women so completely 
ignorant of cookery and household management as 
the English, and so tliorougiiiy averse to being 
taught. To tell a woman of the upper classes that 
she does not know how to cook is regarded ijs a 
compliment; by the working classes it is regarded 
as an insult. The one is proud of her ignorance, 
the other imagines that a mutton chop fried in a 
frying-pan till it is as hard as a piece of wood is 
the highest effort of culinary skill. There are but 
two remedies for this. The one that the upper 
classes should set the fashion in better domestic 
knowledge, and then the others will imitate them; 
the other would be that every young man should 
take lessons in cookery, and then the young %voman. 
would have to follow. The amount of good food 
that is rejected or wasted in oiir large towns is 
lamentable, and not the least benefit which technical 
education would aff ord would be the better instruc- 
tion of our women in domestic management. 

11. In the present days great efforts are being 
made in England to encourage the formation of 
Technical Institutes. Three or four new ones of 
large size have been established in London, and 
there are now few large towns which do not con- 
tain some kind of Technical School. But it is of 
no use that these schools should be founded if those 
for whom they are intended do not take advantage 
of them. It is the duty of parents to see that their 
sons do so, and it is no less the interest than the 
duty of employers to afford facilities to their ap- 
prentices to study in the evening. When one re- 
flects how certain and large an increase of wages ■ 
results from technical study, and how speedily those 
who pursue it rise in their trades, one can only be 
astonished at the folly and apathy of those Avho, 
for want of a little self-denial, throw away such 
solid and permanent advantages. r 
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By ^yxLLIA^^ Henry Greenwood, 
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IRON AND STEEL. 

Arch-^ologists- agree in placing the Iron Age 
as more recent than the Bronze, although the 
metallurgy of iron, necessary for the production of 
malleable iron direct from the ore, is one of the 
simplest known, since iron ores such as the red or 
brown hEematite, 'when heated in small quantities 
for a few hours in a charcoal 'wind-furnace, the 
ore being at the same time -well embedded in the 
fuel, are more or less completely reduced, and yield 
a product wdiich can be forged or hammered into 
a bar of malleable steely iron ; while to produce 
bronze castings probably required a knowledge of 
the smelting of copper and of tin, besides an 
acquaintance with the art of moulding. 

Malleable iron is, however, of great antiquity, and 
was the product of the earlier forges, being known 
long before cast-iron was produced. The Hindoos 
would appear to have employed the direct methods 
for producing malleable iron or steel as above men- 
tioned from very early dates ; but it is uncertain 
whether the Britons, prior to Ciesar’s invasion, knew 
the uses of iron or the methods of its reduction. 
Although the malleable product was known thus 
early, the production of pig-iron would appear to 
date back only about 350 years. 

Until the end of the sixteenth century wood was 
the only fuel used in iron-works ; and it was not 
until 1733 that Abraham Darby, of Colebrookdale, 
successfully used coke in the blast-furnace. In 
1740 the production of cast- steel was introduced 
into Sheffield ; and in 1784 Henry Cort is accredited 
with having introduced the puddling furnace and 
the use of grooved rolls for the rolling of the metal. 
These dates would appear to mark the commence- 
ment of the rapid growth, and the vast series of 
improvements which have characterised the pro- 
gress of the iron industries during the past century, 
culminating in the introduction of the Bessemer 
process in 1855 (see coloured plate), of the Siemens 
or Open-Hearth Steel manufacture in 186G, and of 
the Thomas and Gilchrist or Basic process in 1878. 
At the same time blast-furnace practice has been 
improved so that 2,000 tons of metal can be ob- 
tained per week from a single furnace; whilst single 
rolling-mills now turn out upwards of 4,000 tons 
of steel rails per week. 

The study of the smelting of iron ores, and the 
treatment of iron and steel, forms one of the largest 
and most important branches of metallurgical 
science. It also presents a remarkable contrast to 
all other branches of the smelter’s art, since there 


are only the oxides of non, or such other combi-' 
nations of the metal as are reducible to oxides by 
heat alone, that are available for the production of 
the commercial varieties of iron; whilst most of 
the other metals employed in the arts can be 
obtained from minerals varying much, both in the 
nature of their chemical composition, and in their 
richness of metal. ITurther, most of the common 
metals can be reduced from their ores by jirocesses 
differing widely from one another; hut with iron 
the rediicing agent is ahvays either carlon or carbon 
monoxide, and the product of the smelting opera- 
tion is always iron combined with more or less of 
such other elements as, carbon, silicon, sulphur, 
phosphorus, manganese, etc., which go to form pig- 
iron, malleable iron, and steel. 

The chemistry of the pure metal and of its 
numerous salts will be best studied in the 
chemical laboratory, and thus only such compound.s 
of iron as will present themselves during smelting 
operations, or in special laboratory operations 
connected with the metallurgy of iron, will be 
considered in these lessons. 

Pure metallic iron is a body difficult of prepara- 
tion, especially in the compact state, except by 
purely chemical methods, and is, moreover, a sub- 
stance devoid of practical commercial importance ; 
but in combination with variable although small 
proportions of carbon, and the other metallic and 
non-metallic elements just named, it constitutes 
the various commercial products known as pig-iron, 
steel, and malleable iron. 

Pure iron is prepared by the electrolysis of ferroius 
chloride (FeCL), or by the reduction either of ferric 
oxide (FcoO;)) or ferrous chloride, by heating either 
of them to redness in a tube through which a 
current of hydrogen gas is passed ; or in a nearly 
pure state iron can be obtained by the fusion, under 
a layer of glass free from metallic oxides, of fine 
iron-wire or iron-filings, with artificially-prepared 
magnetic oxide of iron. Iron as prepared by the 
last method is a metal varying in colour from 
bluish grey to silver whiteness according to the 
state of its aggregation; as reduced from ferric 
oxide by hydrogen at a low red heat, it forros a 
grey powder or spongy metal which, immediately 
it is exposed to the air, absorbs oxygen with such 
avidity as to cause the spontaneous ignition of the 
metal with the reproduction of ferric oxide. 
Electro -deposited iron absorbs or hydrogen 

to the extent of from seventeen to twenty times its 
own volume ; and it appears probable, as will be 
subsequently noted, that the combinations of iron 
with carbon, such as cast-iron and steel, also 
possess, when in their fused state, the power of 
occluding certain gases, which are to a certain 
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extent again liberated as the metal cools and 
solidifies. Pure iron is one of the best conductors 
of electricity, but this property is rapidly im- 
paired as the iron becomes less pure. It can be 
magnetised to a very high degree, but rapidly loses 
its magnetism. Pure iron is softer than the com- 
mercial varieties of malleable iron, and has a 
specific gravity of 7*87. Its fusing point does not 
appear to have been accurately determined, for 
whilst Ponillet estimates it at from 1500“ C. to 
1600“ 0. (2732° Eahr. to 2912“ Fahr.), Scheerer 
gives it as 2100“ C. (3812“ F.) ; hut the presence of 
small quantities of carbon in combination with the 
metal rapidly lowers the fusing point. 

. Iron is not oxidised by exposure to dry air at 
ordinary temperatures (except when the iron is in 
the pyroi)horic or spongy state already described). 
It is also unaffected by perfectly pure water in 
which air, free oxygen, or carbon dioxide is absent ; 
but if exposed to a moist atmosphere, then the 
oxidation commonly known as rustmg rapidly 
proceeds, especially if carbon dioxide be also 
present, as is usual, in the atmosphere. The 
presence of carbon dioxide appears essential to the 
oxidation of the iron by moisture, since the metal 
rnay be kept bright for almost any length of time 
in pure lime-water, or in a solution of soda. The 
hydrated ferric oxide, or rust, is also electro- 
negative with respect to the metallic i^ti upon 
which it is formed, and the electrical condition 
thus resulting still further promotes the affinity of 
the rhetal for oxygen ; and the corrosion of the 
iron under such conditions proceeds rapidly, even 
to the extent of enabling the iron slowly to de- 
compose water with the evolution of hydrogen at 
ordinary temperatures. Water holding carbon di- 
oxide in solution, even though free oxygen may be 
absent, rapidly attacks and oxidises metallic iron. 
Iron, when heated to redness in contact with air or 
oxygen, is rapidly oxidised, with the production of 
a black scaly oxide readily detachable from the 
surface of the iron. This oxide constitutes, on the 
large scale, the liavmeT-scale or hammer-slag of the 
forge. The scale formed in the forge, however, is 
never uniform in either composition or in physical 
characters, but consists of an outer layer which is 
strongly magnetic, almost metallic in lustre, brittle, 
fusible only at the highest temperatures, more 
highly oxidised and somewhat redder in colour 
than the inner layers, which are less lustrous, spong.Y, 
tougher, and less magnetic than the outer surface. 

The harnmer-seale or Itanmer-slag contains, be- 
sffies magnetic oxide (Fe304), a variable excess of 
ferric oxide (FeoGg), and hence the varying physical 
qualities just mentioned. Iron at a red heat also 
decomposes the vapour of water, with the liberation 


of hydrogen, and oxidation of the iron to the .state 
of magnetic oxide. , 

Hydrochloric acid attacks metallic iron with the 
formation of ferrous chloride (FeClo) and the 
liberation of free hydrogen. Concentrated sulphuric 
acid (H2SO4) also attacks the rnetal, with the 
liberation of sulplmr dioxide (SOg), whilst ferrous 
sulphate (FeS04) remains in .solution ; but if the 
diluted acid be employed, then hydrogen is 
liberated, and ferrous sulphate remains in solution 
as before. The action of nitric acid upon iron, at 
the ordinary temperature, varies with the degree of 
concentration of the acid. Thus, while ordinary ^ 
nitric acid attacks iron vigorously with the evolu- 
,tion of nitrous fumes in abundance, the dilute acid 
dissolves the metal without any sensible evolution 
of gas, with' the formation of ferrous nitrate 
(Fe2N03) and ammonium nitrate (NH4NO3); thus 
10(HN03) -f 4,Fe =:4(Fe2N03) -f NH4NOa + SH.O. 
Strong-fuming nitric acid is without action upon 
the metal, a bright surface of which may be intro- 
duced into the cold concentrated acid without 
inducing any chemical decomposition, the surface 
.of the metal assuming on immersion a dull wliitish 
appearance, without any further action, the metal 
having then assumed what is known as tho 
, condition. The atomic w'eiglit of iron is 56, and its 
chemical symbol is Fe. 

Iron and Oxggen.—lvon combines with oxygen 
in several proportions, of which the most important 
are ferrous oxide {YqQ\ ferric oxide (Fe/^), and 
the combination of these two, constituting magnetic 
oxide The first-named is a very unstable 

compound obtained, according to Debray’, as a. 
black non-magnetic body, when steam and hydrogen 
in certain proportions are passed over heated ferric 
oxide. 

Ferrous oxide, both in its anhydrous and 
hydrated forms, is a very unstable body, rapidly 
passing to a higher state of oxidation by exposure 
to the atmosphere. It is, however, a powerful base, 
and in combination with silica it enters largely 
into the composition of the various slags, cinders, 
etc., produced in the metaliurgical treatment of 
iron ; and by its combination with acids produces 
an important series of salts known as ferrous salts, 
'Which decompose on exposure to the atmosphere 
with the production of basic salts of tlie ferric 
oxide. Of ferrous salts, the moat important to the 
.metallurgist besides the silicates are the carbonate 
and the sulphate ; of these the carbonate occurs 
anhydrous and crystallised in spathic ore or siderite, 
and amorphous, along with clay, lime, etc., in tlie 
various clay ironstones. 

Ferric oxide (Fe^jOa) is a very stable and 
|)ractically fixed oxide of iron, decomposable. 
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however, at a white heat, with the liberation of 
oxygen and the production of the magnetic oxide 
(BFCiiOs — 2FejjO^ -f- 0). Ferric oxide is produced 
_ when ferrous sulphate is strongly heated, the 
salt suffering decomposition with the elimination 
of sulphurous anhydride (SO 2 ) and sulphuric anhy- 
dride (SO3), whilst a bright red pulverulent powder, 
forming the “ Totige ” or ‘‘ colcothar ’’ of commerce, 
is obtained, which has the composition of ferric 
oxide. This oxide, generally known as thor 
red oxide of iron, occurs largely in such minerals 
and iron ores as hsematite, iron-glance, specular 
iron, and micaceous iron ore ; and in its hydrated 
condition (Fe^HgOg) it occurs in the minerals brown 
luematite, lirnonite, and gothite. Ferric oxide is 
decomjmed with the reduction of metallic iron hy 
heating it bi a current of carhon monoxide (CO), of 
hydrogen^ of ammonia (NH3), or of cyanogen (CN), 
er hy heating it along with carbon. 

The magnetic oxide (Fe 304 ) has already been 
referred to in connection with iron-rust. It occurs 
native also as the black lustrous magnetic mineral 
known as magnetite ; and it is also obtained when 
ferrous carbonate (FeCOg) is decomposed at a 
red heat in the absence of air or oxygen; thus 
dCFeCOa) = FeA + 2C0o + CO. 

Iron and Carbon. — Although iron does not 
combine with carbon at ordinary temperatures, 
jet their union, when brought into contact at or 
a^bove a red heat, may be readily effected, -with the 
formation of compounds less highly carburised 
than pig-iron. Thus, by exposing malleable iron 
for some days to a temperature at or above a red 
^ heat, say 1000° C. to 1200° C, (1832° Fahr. to 
'2192° Fahr.), to the action of carbon in coarse 
powder, as in the ordinary manufacture of blister 
<or cement steel by the process of cementation, it is 
found that a union of the carbon and iron gradually 
takes place, the iron bars becoming more highly 
carburised than the original metal. The carburisa- 
tion in this case proceeds from the surface towards 
the middle of the bar, and penetrates farther into 
the bar the longer the temperature and contact 
with charcoal are maintained. 

Casediardenbig, again, is another example of the 
^superficial carburisation of wrought-iron articles, 
by heating them to redness for a short time, in 
contact with leather, horn, or other highly carbon- 
aceous compound. Cyanogen vapours and other 
< janogen compounds, like potassium ferrocyanide 
'{yellow Prussia te of potash), K8(CyN3)4Fe.2 + GHoO, 
are decomposed by heated iron, with the carburisa- 
tion of the iron, as in the case-hardening of small 
articles on the smith’s hearth, which is done by 
■sprinkling the last-named salt on the surface of 
tie heated metal. At more elevated temperatures, 


such as those attained in the blast-furnace, carbon 
monoxide (CO), coal-gas, volatile hydro-carbons, 
cyanides, etc., are decomposed by metallic iron, 
with the cai’burisation of the latter ; and again, the 
production of cast-steel by the crucible process is 
an example of the direct union of carbon and 
malleable iron, at the more elevated temperature 
required to melt steel. 

Upon the degree of carburisation of iron, 
modified by the presence of other elements, like 
sulphur, phosphorus, silicon, and manganese, largely 
depends its commercial classification as cast-iron, 
steel, or malleable iron, with the widely different 
qualities possessed by these bodies; in the first- 
named the carbon may exist to the extent of nearly 
5 per cent., while in mild steel the carbon need not 
to exceed Od per cent. In cast- or pig- iron, in 
malleable iron, and also in steel, the carbon, al- 
though differing largely in amount, is always present 
in two conditions. In pig-iron one portion of the 
carbon exists as mechanically diffused crystalline 
'scaly graphite, distributed with more or less regu- 
larity throughout the mass ; and this carbon can 
be separated by purely mechanical means from the 
finely divided metal. Another portion of the total 
carbon is either dissolved in the metal, or otherwise 
it exists in a state of chemical combination with the 
iron, and is thus incapable of being separated from 
the iron by purely mechanical methods. 

The action of acids upon pig-iron varies with the 
state in which the carbon exists in the pig ; thus, 
when the metal is dissolved in hydrochloric acid, 
any combined or dissolved carbon unites with the 
hydrogen of the acid to the formation of gaseous 
and liquid hydrocarbons, at the same time the 
graphite or uncombined carbon remains along with 
the silica, as an insoluble residue; hence, when 
grey cast-iron is thus treated with hydrochloric 
acid, a large proportion of the carbon remains as 
graphite in the insoluble residue, whilst if white 
iron be similarly treated, only a small proportion of 
its carbon remains in the insoluble residue, the 
greater portion having combined with hydrogen, as 
above mentioned, and escaped in the gaseous form 
during the solution. 

In grey iron the carbon exists almost wholly as 
graphite, which can be detached from the crystals 
of iron, and separated therefrom by the mechanical 
operation of sifting; but in white iron; such as 
s]?eigeleisen, the carbon exists almost wholly in the 
combined or dissolved state, only a small quantity 
existing as graphite; while in mottled the 
proportions of combined and graphitic carbon are 
more nearly in equality. Molten cast-iron can hold 
an amount of carbon in solution, which, if the metal 
be allowed to cool slowly, will separate as graphite 
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or JiisJi, while if the same metal be suddenly cooled 
the greater portion of such carbon may be retained 
in combination with the iron. In steel also, as will 
be more fully described later on, the carbon, al- 
though it is present in much smalleV proportion than 
it is in pig-iron, still appears to exist under two 
conditions, often now described as lia/rdening and 
non-ltardemng carbon respectively, the ratio of the 
one to the other in this case being influenced by 
the proportions of foreign metals in the steel, and 
also by the physical treatment to which the metal 
has been submitted. 

Iron and JSicJjjJiur , — These elements by their 
union yield a considerable number of sulphides of 
iron ; and they directly combine when a mixture 
of the two is heated to redness, the combina- 
tion being attended with a considerable further 
evolution of heat ; and according to the proportions 
of the elements present, and to the temperature 
employed, ferrous sulphide (FevS), ferric sulphide 
(FeoSj), ferric disulphide (FeSo), or magnetic 
sulphide or a mixture of these several 

sulphides, results. The higher the temperature em- 
ployed and the lower is the degree of sulphurisation 
of the product ; also, since ferrous sulphide (FeS) 
dissolves both iron and sulphur, if either of these be 
present in excess, the composition of the resulting 
sulphides becomes exceedingly variable. Pig-iron 
heated in a tube filled with the vapour of sulphur 
absorbs a portion of the sulphur, which it retains 
even after heating in vacuo during several hours ; 
and hence it is inferred that sulphur may be in this 
manner imparted to the metal in the blast-furnace, 
or in other furnaces where sulphurous ores and 
fuels are employed. 

The effect of small quantities of sidjdmr in jgig- 
iron is to make the iron stronger and whiter, and 
its presence may be thus advantageous in the 
metal to be used in the foundry for special classes 
of castings, such as shot, etc. ; but the presence of 
very small quantities of sulphur in mrouglit-iron or 
steel is attended with the worst results, OT per cent, 
of sulphur sufficing to produce in iron or steel a 
marked red-shortness, or brittleness, at temperatures 
above redness ; although the same metal may pos- 
sibly be hammered or rolled in the cold state with- 
out difficulty. Since iron pyrites is a frequent im- 
purity in the ores and coal used in the production 
of iron, it becomes necessary, when such ores or 
fuels have been used, to take special care that only 
those processes are employed for the conversion of 
the pig-iron into malleable iron or steel, as will 
eliminate the sulphur during the process of its 
conversion, and so prevent the production of red- 
short malleable iron or steel. 

Ferro^is disulphide (FeSg) constitutes the familiar 


brass-yellow mineral which occurs in radiated 
fibrous masses, having a strong metallic lustre, and 
known generally as yelloir iron pyrites, cithir pyritei> 
or mundie ; also, in its softer and whiter form, as 
marcasite, or 71'hite iron pyrites. Heated ‘with 
access of air, and iron pyrites is decomposed with 
the evolution of sulphurous ariliydride (JsO.j). Iron 
pyrites is commonly employed in this way as tin- 
source of sulphur dioxide in the manufacture of 
sulphuric acid, whilst the residues so obtained, and 
known as Blue Billy I are used as a fettling for 
the puddling furnaces in the Cleveland district. 

Iron and Phosphorus . — These bodies readily unite ; 
under the influence of heat, producing grey readily 
fusible phosphides. A ferrous phosphide also results 
when ferrous phosphate is heated to a high tempera- 
ture along wdth carbon. Pig-iron also absorbs phos- 
phorus when heated in the vaioour of the latter. 
The presence of very small proportions of phos- 
phorus in any of the commercial forms of iron, 
whether as pig-iron, malleable iron, or steel, 
attended by important and usually most injurious 
results. Its presence in pig-iron renders the iron 
more fluid when in the molten state, and thus well 
adapted for producing light and delicate ornamental 
castings, but such iron is also very weak, and not 
adapted to the production of strong heavy 
castings. 

In malleable Iron and steel, small proportions of 
phosphorus suffice to render the metal sensibly 
harder, without materially affecting its tenacity, 
but the metal at the same time becomes decidedly 
cold-short. Cold-short metal cracks and breaks, 
especially at the edges, when worked under the 
hammer at a temperature below redness, although 
such material may be readily hammered or rolled 
when treated at a higher temperature. If in mal- 
leable iron or steel the proportion of phosphorus 
attains to 0*5 per cent, or upwards, then, in ad- 
dition to being cold-short, the metal also shows ri 
marked falling-off in tensile strength ; but the effect 
of phosphorus is modified by the proportion of 
other impurities present. 

Iron and Silicon . — The union of iron and silicon 
cannot he effected by the simple heating together 
of silica and iron, but if carbon be also j>resent, 
and a sufficiently high temperature be employe<l. 
then silicon is reduced from the silica and an alloy 
of iron with carbon and silicon is obtained. Silicon 
is thus always present more or less in all varieties 
of commercial iron, either in combination with tiie 
metal, or, as in the case of malleable iron, it may 
possibly occur only as a constituent of the inter- 
mixed cinder always present in such iron. The in- 
fluence of silicon upon pig-iron, malleable iron and 
steel will be again referred to. 
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PROJECTIOK-^L 

INTRODUCTION,:' 

PTdotlCGZ Plane (J-GometTy treats of figures having’ 
two dimensions, length and breadth, and the 
student must have studied this subject to some 
extent before beginning the present series of 
lessons. The student is also supposed to be ac- 
quainted with the methods of manipulating the 
various drawing instruments used by draughtsmen. 
Some useful hints may be had from a perusal of 
the lessons on “ Drawing for Engineers ” (p. 45). 

Practical Solid Geometry or Pescriptwe Geo^ 
Quetry deals with the representation on the surface 
of the drawing paper— which has only two dimen- 
sions, length and breadth— of points, lines, sur- 
faces, and solids in space of three dimensions. 

Projection in Pimm Geometry. laded, 
etc., is any plane 
figure ; take any 
point o in the 
plane and join o 
to all the points 
a, h, c, etc., in the 
given figure. The 
lines oa, oh, oc, 
etc., produced if 
necessary, cut a 
straight line p q in 
the points A, B, 
C, D, etc. ABCD 



.... is called the projection on the line P Q of 
the figure abed.... and o is called the pole 
of projection. 

Similarly if A b c D .... be any figure in space 




(Fig. 2) and any point 0 be joined to all the points 
in the figure, the intersection of the lines o A, o B, 
.... (produced if necessary) with any plane X is 
called the projection of the figure on the plane x. 
If tiie eye of a spectator be at o, the rays of light 


from the figure A b c D . . . . in space that reach 
the eye, are the same as those from the projection 
abed.... In fact the latter is a picture of the 
former, o is the pole of projection and the lines 
through it are called projectors. 

Orthograydiie Projection.--'SYhQii the projectors 
are parallel to each other — corresponding to the 
pole o being infinitely distant— and at right angles 
to the plane of projection, the projection is called 
“orthographic.” 

Inclined Parallel Projection. — Sometimes it is 
convenient to have the projectors parallel to each 
other but not at right angles to the plane of pro- 
jection ; we have then an inclined parallel projec- 
tion (German Sclirdye Parallel-Perspective). This 
method is specially useful for pictorial representa- 
tion. 

Persj^ective . — The more general case in which the 
projectors all pass through a point not infinitely 
distant is called “ perspective.” 

These lessons will deal chiefly with orthographic 
projection. 

At least twm projections are necessary to repre- 
sent any object. The planes of these two pro- 
jections are usually at right angles to each other, 
and are called the horizontal and vertical planes. 
They are sometimes called the co-ordinate planes. 
Before proceeding further with these lessons, the 
student should make for himself a model of the co- 
ordinate planes and use it in studying the first- 
problems. The model is made as follows : Procure 
two rectangular pieces of cardboard or thick 
drawing-paper 9" x 7" or larger, and make the 
slit a a (Fig. 3) in the middle of one, and the slits 
bb at the sides of the other. Fold the second 



Fig. 3. 


piece along the lines bo, as shown in the third 
sketch of Fig. 3, pass the folded part through the 
slit a a, and then flatten out the card. IVe have 
now (Fig. 4) a model showing two planes passing 
through the line x Y, and the planes may be set at 
right angles to each other or folded together to 
coincide. V.P. and H.P. will he used as abbrevia- 
tions for the vertical plane and horizontal plane 
j'espectively. 
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(1) p and p' are plan and eleTation respectively of the 

point p. , 

(2) pp' measures the distance of p from the V.P. 

(3) vp „ „ „ „ n H.p. 

(4) pp = p' G and pp' = |)c. 

(5) P c is at right angles to X Y, and , ' 

p' c is at right angles to X Y. 


PBOJECTION OF POINTS. 

Pla}i and JElcmtlon . — In Fig. 4 let the model . be 
held in such a position that the plane A B c D is 
vertical, and the plane E F G H horizontal. Let P 
he any point in space ; from P drop a perpendicular 
p jy to the vertical plane, and a perpendicular p^ to 


A 









p 

< 

k 




^--3c 

X 


■1 

( Y 





J 


r- 

V 


c 

) 

c. 


the horizontal plane : p is called the “ plan ” and p^ 
•rJie elevation of the point p. The plan and eleva- 
tion of a point are sometimes called the “ co- 
-ordinates ” of the point. 

To represent the co-ordinates on the flat sheet 
<>f drawing-paper, the co-ordinate planes are folded 
together as indicated by the arrows in Fig. 4. Any 
points, lines, or figures on the co-ordinate planes can 
then be represented on a flat sheet of drawing-paper. 

The notation used above in reference to the 
point p will be used throughout these lessons ; that 
is, a point in space will be denoted by a capital 
letter, its plan by the corresponding small letter, 
and the elevation by the same small letter with a 
dash affixed. We will sometimes find it convenient 
CO refer to a point p in space given by its plan ^ 
and elevation f/, as the point 

The co-ordinate planes are supposed to extend 
indefinitely. It will be seen that they divide space 
into four parts, which are called the first, second, 
third, and fourth dihedral angles respectively 
{see Fig, 4). 

Prohl67n,—0!V7fixi the distances of a point from 
the co-ordinate planes, draw its plan and elevation. 
Let p (Fig. 5) be the given point. The student 
should take his model of the co-ordinate planes, 
and, having fixed in his mind the position of p 
relative to the co-ordinate planes, take his set- 
-!qiiare and place it at right angles to the co- 
ordinate planes and passing through p. Draw 
<7A, c B, the lines of intersection of the set-square 
with the vertical and horizontal planes respectively. 
On the set-square draw vf and -Bp at right angles 
;co, 0 A and o B respectively. The student should 
note carefully 


From the fifth of these observations we deduce 
that when the co-ordinate planes are folded together 
op' and op will form one straight line at rigiit 
angles to x Y (Fig. 6). Hence the following funda- 
mental law in Orthographic Projection The plan 
and elevation of any point are on a 
straight line at right angles to the 
ground line XY. The problem is 

therefore solved as follows : — Draw 

any straight line at right angles to 

X Y (Fig. 6), and set ofi: cy/ upwards , 

from X Y equal to the given distance ^ 

of p above the H.P. , Setoff, cy; downwards' from' 

X Y equal to the given distance of p in front of the 

Y.P. y? and y?' are plan and elevation respectively 

of p. ■ ' ' ■ ■ 

If P is belovr the H.P., c y/ wall be set off down- 
wards ; if p is behind the Y.P., c y; will be set of! 
upwards. 

In Fig. 7, which is drawn to a scale of 3'^ to a foot, 

the iioint a is 3" above the H.P. aud 1'^ behind the Y.P. 

,5 B ,, 2" below ,, „ „ 2" „ „ ,, 

5 j c ,, in „ ,, „ before „ 


If' below 
2" above 


4" before 
2'^ behind 


The student should look at Fig, 7 and write 
down the positions of the various points with 
respect to the co-ordinate planes, and compare 
his results with the distances given above. Also 
from the distances given above draw the plans 
and elevations of the points and compare witli 
Fig. 7. 
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PEOJECTION OF LINES, 

Let A B be any line in space, and P^, Po, p^, . . . . 
Mg. S, any points on it. From A, B, Pij Po . . . 

® ^ drop perpendiculars to the 

i horizontal plane, and let 

the feet of these perpendi- 
culars he a, hpii i^ 2 j . . • • 
These latter points are the 




^'i 


below the normal line. In reading a sentence the 
top word or the bottom word must be used through- 
out. In this wmy a proposition relative to the 
H.P., and the corresponding proposition relative to 
the y.P., can be written in very little space. We 
will often use this method in the later lessons.] 

In Fig. 9a the line p q is parallel to V.F. and inclined to H.P. 


plans of A, B, Pj, Pg, 


respectively. If the stu- 
dent take his set-square 
and place it touching the 
line A B and at right angles 
to the horizontal plane, a 
little inspection will con- 
vince Mm that all the pro- 
jectors, Adi, B hy Piih> * • • • 
lie on the surface of the set- 
square, and therefore the points <z, h, ])-^y pg, . . . . 
lie on the edge of the set-square which touches the 
H.P. Thus the plans of a series of points lying on 
a straight line are a series of points lying on a 



„ „ inclined „ ,, 

„ parallel 

„ 9c ,, ,, 

„ „ parallel „ „ 

„ parallel 

,, „ „ 

y'y yy iuclined „ ,, 

„ inclined 

)J M >» 

>> j> j> }> 



„ „ at right angles to the V.P. 


» )i sy n i) 

„ H.F. 


Pig. 7 




straight line. These remarks evidently apply with 



The student should now solve the following 
examples. Draw plan and elevation of a line 3'^ 
long 

(1) when inclined 30° to the H.P. and parallel to the V.F. 

(2) ,; „ 45° „ „ V.F. „ „ „ „ H.P. 

(3) „ imrallel to both planes of projection and 2" above 

the H. P. and 1" in front of the V. F. 

(4) when at right angles to the H.F. and 1" in front of the 
V.P., the lower end of the line being above the H.F. 

The solutions are shown in Fig. 9, dy Cy and 
<7 respectively. 

Fig. 9 is drawn to a scale of 1 to a foot. 


PEOJECTION OP SOLIDS. 

The most frequent application of projection is in 
engineers’ and architects’ drawings. In this lesson 
we propose to show how to project some of the 
simpler geometrical solids ; these being mastered, 


/r- f 





g- 


Fig. 8. 


Fig. 9. 


equal force to projections on the V.P. We may 
therefore enunciate the theorem just stated thus : — 
The projection of a straight line is a straight line. 

T T p 

If the line A B be parallel to the y p‘ 
plan 


its 


elevation equal to the true length of the 

H.l^ 
V.P. 


election length. 


In orthographic lA'ojection under no circumstances 
can the plan or elevation be longer than the true 
line in space. 

[In the last x^aragraph in some places two words 
are^placed one a little above and the other a little 


the student will have no difficulty in projecting 
any more complicated body. 

Bejinitions . — The bounding surfaces of a solid 
may be either plane or curved. A solid whose bound- 
ing surfaces are all plane is called o, polyJtedro7i. 

The face of a polyhedron is any one of its plane 
bounding surfaces. 

A is a solid having two equal opposite and 
parallel polygonal faces, the other faces are rect- 
angles. There are as many rectangular faces as 
there are sides in each polygonal face. 

The base of a prism is one or other of the poly- 
gonal faces. 

The aceis of a prism is the sti-dght line joining 
the centres of the bases. 
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A pjmmid lias one polygonal face called the 
base, and all the other faces triangles having a 
common vertex called the vertex or apex of the 
P3*ramid. 

The axis of a pyramid is the straight line joining 
the centre of the base to the apex. 

A o'iglit prisM or a riglii pyramid has its axis at 
right angles to the plane of its base. 

An obliguc yjrism or an oblique pyramid has its 
axis inclined to the plane of its base. 

A prism or pyramid is said to be triangular, rect- 
angular, pentagonal, hexagonal, heptagonal or 
octagonal according as its base has 3, 4, 5, G, 7, 
or 8 sides. 

A regular polygon has all its sides and angles 
equal. In these lessons when we speak of a polygon 
a regular polygon is understood, unless the con- 
trary is specified. 

A tetrahedron is a triangular pyramid, having 
its base and the three other faces all equilateral 
triangles. 

A cube is a square prism having its two bases 
and the four other faces all equal squfires. 

An octahedron is a solid, having eight equal faces 
all equilateral triangles. It may be conceived to 
be formed from two equal square pyramids, whose 
triangular faces are equilateral, set base to base. 

The three solids just mentioned are called regular 
solids. A regular solid is defined to be one whose 
faces are all equal regular polygons. There are 
two other regular solids— the dodecahedron with 
twelve pentagonal faces, and the icosahedron with 
twenty faces, all equilateral triangles. 

That there are no other regular solids than the 
five mentioned above may be demonstrated as 
follows:- A polygonal face of a solid must have 
at least three sides. To form a solid angle at least 
three plane sides are necessary. Also the sum of 
the plane angles forming a solid angle must be less 
than 360’=*. Three, four, or five angles of 60° may, 
therefore, be brought together to form solid angles,’ 
and we get the solid angle of the tetrahedron, octa- 
hedron, and icosahedron respectively. If six 
angles of 60° be brought together, they will all lie 
in the same plane ; the three solids just mentioned 
are therefore the only regular solids possible with 
equilateral triangular faces. Consider now a four- 
sided regular polygon—?.^,, a square, the angles of 
which are 90°. Three such angles may be brouo-ht 
together at a point giving the solid angle of a cube 
but four such angles would all lie in one plane! 
The angle of a five-sided regular polygon is 108° 
and three such angles may be brought together at 
a point giving the solid angle of a dodecahedron, 
hour such angles would be equal to 432° which 
does not fulfil the condition of being less than 360°. 


5i|;; 


I 






Lastly, the angle of, a hexagon being 120°, three 
such angles are^ equal to 360°, and, therefore, no 
regular solid can have hexagonal faces. Similarly 
for polygons of a greater number of sides. . 

A cylmder is a solid, bounded by two equal 
opposite plane faces— the boundary of each,; face 
being a curved line— and the , surface, .formed by 
straight lines joining . corresponding points in the 
circumference of the two opposite faces. 

A cone is a solid, bounded by a. plane face or 
base— the boundary of which is a cur\XHi line— and 
the surface formed by straight lines joining point.s 
in the circumference of tlm base to a point callecT"*^ 
the vertex or apex of the cone. 

Sn? considered the limiting 

case' of a when the number of sides in the 

base is increased indefinitely. 

If we speak of a cylinder or cone without further 
qualification, the base is understood to be a circle. 


COTTON SPINNING.— I 

By Henky Eiddex.l, M'.E. 

THE COTTOX PLANT AND FIBRE. 

It is intended in the series of lessons now begun 
to provide a complete treatise on the machinery 
and methods employed in the cotton spinning- 
trade, and to give such detail as is necessary for 
the instruction of w'orking students in all* the 
processes employed. It is not intended to super- 
sede the practical work of the mill, but to be an 
aid and assistant, by means of which the course of 
observation may be directed, details of machinery 
explained, and the reasons made clear for the pro- 
cesses adopted. With this view this course of 
lessons has been designed, and in every page it 
will be the aim so to develop the subject as to 
render it most useful to students who wish bv 
conscientious work to make themselves better 
acquainted with their trade. 

It is unnecessary to dilate upon the importance 
of the cotton trade to England. Whether esti- 
mated by the number of hands engaged in it and 
in its allied and dependent industries, or bv the 
capital employed, or by the figures shown by the 
record of exports, it stands in the very front of 
English manufacturing industries. Tliis import- 
ance is so well understood, however, by every 
student that to furnish a number of statistics con- 
cerning quantities of cotton imported, and yarn 
exported, would only occupy space tliat can ill be 
spared from the practical teaching intended. It 
Ls, however, of great, and Indeed of vital im^>rt- 




COTTON SPINNING. 


13 




® aoce that the nature of the cotton fibre should be 
understood, and a knowledge acquired of the im- 
portant difierences presented, in strength, fijieness, 
^^^ind other qualities, by the varieties as imported 
from the coiintries of their growth. Therefore a 
considerable space will be employed in considering 
the plant from which cotton fibre is obtained, its 
cultivation, and the appearance and qualities of 
the cottons imported from the chief countries from 
which the supply is derived. 

Cotton is the downy material surrounding and 
clinging to the seeds of the cotton plant, the 
'^^ros^l/2nnM, which is a member of the natural 
order of the Malvacecs^ or mallows. 

The plant, in its varieties which yield the fibre of 
commerce, is confined chiefly to tropical and sub- 
tropical countries, and has a range from about the 
40th degree north latitude to the 30th southern 
parallel. An examination of a map of the w^orld 
will at once show what an immense area is in- 
cluded within these boundaries, and how large the 
supply could be made if the exigencies of trade 
required. It will also be noticed what a great 
is occupied by British pos- 
sessions. Indeed, a cotton famine, such as that 
due to the American Civil War thirty years ago, 
could not now occur to the same extent from the 
cutting ofi of any one source of siijpply. 

Included in this cotton zone are the southern 
shores of Europe, almost the whole of Africa and 
Australia, a vast portion of Asia, the southern 
States of North America, and two-thirds of South 
America ; the cotton from each of these sources of 
supply differing appreciably in appearance and cha- 
racter of fibre, but agreeing in certain respects which 
are of great value and importance to the spinner. 

The Gos^y}7itm is generally an herbaceous plant 
varying very much in height, and bearing flowers 
ranging through different shades of yellow to 
white. The seeds, which also vary in colour, are 
contained in five, four, or three valved capsules, 
which, when ripe, open and expose the fibi*e. It is 
at this period that the cotton is collected, as the 
fibre when immature is comparatively valueless; 
■while if left too long ripe and exposed to the sun, 
the elastic nature leaves it, and it becomes gi'eatly 
injured. The bolls or bunches of downy seeds are 
collected by hand, and spread out to dry ; wdien 
sufficiently dry the seeds require to be removed by 
ginning (a process later on to be treated of in 
detail), and then baled for the market. Under the 
microscope the fibres of cotton (Eig. 1) are seen as 
semi-transparent, flattened tubes, with thickened 
rounded edges and a continuous spiral twist. Their 
iength and general appearance are fairly uniform 
in a ^od sample of cotton, but vary within wide 


limits in cottons imported from different countries. 
In transverse section (Eig. 2) they are seen to be 
flattened tubes, the walls almost approaching in 
one direction ; the unripe fibre indeed often appears 
to be quite destitute of an internal opening (Fig, 3), 



Fig, 1 .— Cotton Fibre. {Magnified about 210 diameters,) 


although when steeped for some time in water 
these ribbon-like threads swell out and become 
tubular. It is necessary to guard against unripe 
cotton in buyingy as it does not dye with the ripe 
fibre, remaining generally white or almost un- 
coloured by indigo and other dyes. The fibre is 
really an elongated spindle-shaped cell, clinging to 
the seed at one end, where the tube remains open, 



Fig. 2. ; Fig. 3, 

(Magnified about 100 diameters.) 


and tapering at the other to a point. It is to the 
spiral twist of the fibre that much of its easy 
spinning power and elasticity is due ; although in 
the very highest class of cotton, the “ Sea Islands,” 
with a greatly increased fineness comes sometimes 
a lessened proportion of twist. 

In chemical composition cotton is an exceedingly 
pure cellulose, having, indeed, only about five per 
cent, of impurities, consisting chiefly of pectio 
matters, cotton wax, etc. Cellulose is, in general, 
present in cell walls, forming the woody part of 
plants, but usually in a very impure state. It 
consists of carbon, hydrogen, and oxygen, having 


1 
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the constituents combined in the proportion of six 
parts of carbon to five of water. This statement 
must be understood only as a method of remem- 
bering the composition (CgHioOg) of cellulose, and 


Fig. 4.—G0SSYPIUM Baebadense. 

not as representing its nature physically. Dilute 
mineral acids have very slight effect on cellulose, 
but when allowed to dry on the fibre, become con- 
centrated and rapidly corrode and oxydise it : this 
effect is very much hastened by heat, and upon it 
depends the method of “ carbonising ” or extract- 
ing ” cotton from woollen rags as employed- in the 
manufacture of mungo.” 

The bleaching process in cotton depends for its 
success on the removal or decolourisation of the 
natural impurities before mentioned, whicli are 
mostly rendered soluble by alkalies, so that their 
removal becomes a comparatively easy problem. 

Ultimate Strueture . — The ultimate structure of 
the cotton fibre can best be studied by moistening 
it with Schweitzer’s solution, the ammoniacal 
solution of cupric hydrate, which possesses the 
property of dissolving cellulose. The cell walls are 
seen to be composed of bundles of exceedingly fine 


fibres,, encased, in, or. „ varnished by,, some material 
which is not, cellulo,se, and not soluble in the fluid. 
To this varnishing or enclosing material is due the 
resisting power of unbleached cotton to the. absorb- , 
ing ..of water. This covering is composed 
of cotton wax, and forms about two per 
cent, of the cotton. , It is for the purpose 
of keeping this wax in fit condition that, 
the temperature of cotton mills is required 
to be kept so high. 

Cotton fibre,, as has been said, : varies, 
very much according to the climate, . soil, ,,, 
and ciiltivation, as , weil as the variety ^ 
the plant.; and a knowledge of such differ-,.' 
ences is essential to the cotton buyer and 
spinner. Of these four causes, the most' 
efficient is found in the species or variety, 
and the quality of the seed. 

Botanists differ exceedingly in their 
estimate of the number of species to , .be 
found producing the commercial fibre, but 
the best and most recent authorities agree 
in limiting the number to about half , .a 
dozen well-m.arked, varieties, which will. be 
separately considered. 

First then, and as regards fineness and ' 
length of fibre, the most important variety 
is the Gomjimm UuThadens^e (Fig. 4), to 
‘ which belong the different cottons of the 
*SSea Islands ” class. 

vSecond, the Pemvimmmf 

which may perhaps be considered a sub- 
variety of the JBarhadense. This cotton is . 
a long-stapled and fine variety. 

Third, the Gomjjehim hrrmtum, to which 
belongs the bulk of the cotton grown in 
the United States of America. 

Fourth, the Gomjpium arloTeitm^ or tree cotton, 
which is a native of India, and is remarkable as 
taking the form of a tree, the other varieties being 
shrub-like, or as the next or 

Fifth variety, the Gossypium lierhaeeim^ whicli 
is found native in Egypt, Asia Minor, India, and 
China. 

Sixth, the Gosi&ypiian, religwmm. This name is 
given to two very different varieties by different- 
authorities. By one the name is applied to a sub- 
species of the Gossyprum arhoreim^ while anfsther 
uses it to represent the shrub-like plants from whicli 
is obtained in India and China the tawny cotton 
fibre known as “ Nankin.” 

As the names employed in the buying and selling 
of cotton have reference almost solely to the 
countries of growth, the botanical titles are of little 
use except as a means of grouping together the 
produce of different localities; and it is this 
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purpose that they will be used in the following 
pages. 

The following table exhibits the chief varieties 
of commercial iibre with reference to the botanical 
^species from which each is derived, and some par- 
ticulars as to their nature, uses, etc. 

This table is by no means exhaustive, but is fairly 
representative of the cottons imported into Great 
Britain. 

In reference to the headings of the columns, one 
or two remarks are required. The varieties them- 
selves as named vary from year to year in quality. 


that the information given as to the character 


of the fibre, its length and diameter, is only an 
approximate average. 


The fineness to which. a given fibre can be profit- 
ably spun depends so much upon the character of 
the mill, the class of yarn required, the price of 
other cottons, etc., that it is a very variable quantity . 
It will be found, however, that the numbers given 
in the table are an approximation to actual practice 
in many mills. The price must also be taken as 
only a rough average of late markets, and except as- 
showing the compamtiw values, is of little use for 
reference. In many cases prices quoted are merely;- 
nominal when referred to any particular quality, as 
there are often no cottons of the particular quality 
in the market. Indeed there are some cottons which 
are not usually classed as fair, and some which do 
not always fall so low. 


Commercial Title, 

Botanic 

Species. 

1 ’ ^ , Length of Fibre, 

j Description, Counts , . 

Mean 

Diam. 

of 

Fibre. 

Price 

for 


1 , Max., 

Min. 

Mean 

Fair. 







teib 

d. 

U 

Sea Islands 

Barbadense 

, Very long, silky, and small in diameter of The very T 
fibre. Clean, but hard to work, owing to finest, 
frequent presence of unripe or badly 
developed fibre. 

1-r' 

111" 

T'^Vo" 

Florida Sea Island 

Bo. 

Similar to above 150s. to Ilf" 

200s. 

ir 


Tifo" 

, 10| 

Fiji „ 1 

Tahiti „ ) 

Bo. 

Bo. 

Not so strong and very irregular, containing 150.s, to 2^' 

) more unripe fibre. 200s. 

If' 

ir 

j-ifo" 

H 

71- 

Peruvian „ 

Bo. 

Not so clean, nor so long, silky, or fine, as ^Os. to If" 

“ Sea Islands,” golden-tinted. 120s. 

1 V' 


itW" 

71 

Gallini , 

Bo. 

A very strong, clean fibre, easy to work; and 80s. to 1®" 
of a golden tint. 150s. 

I-?/' 

hV 

liVo 

n 

American Uplands. 

Hirsutum 

. Soft and short, but fairly clean, best suited Up to 40s. If" 
for wefts. 


1" 


5 

Orleans, 

Bo. 

The best of the American cottons of this Up to 50s. If" 
species. Fairly clean and easy to work, or 60s. 
and is suited either for twist or weft. . 

Varies slightly in colour. 

lA" 

It! 

IxV" 


'■r.i 

Mobile , . ' ■ . ■ ■ • . 

Bo. 

Resembles Uplands, but neither .so clean 36s. or 40s. If" 
nor so strong. 

-lA" 

■le 

1" 


4i- 

Texas ", „, ■. „ 

Bo. 

Similar to Orleans, but not so clean, and of Up to 50s. 
a light golden tint. 

H" 


tsV?" 

"S'. 

Santos 

Bo. 

Introduced into Brazil from the United Up to 42s. l^V' 
States, is harsher and more wiry, and not 
so clean. 

if 

. J„SV/ 


. 

White Egyptian ' . 

Bo. 

: Is not clean, the ginning being often infe- Up to TOs. If" 

1 rior, the colour is light golden. 

If" 

If" 


4a’ 

Brown ,, 

Herbaeeiim , 

, 1 Soft and silky, strong, clean, and easy to Up even If" 

1 work. The colour is pronounced golden. to 140s, 

1-cV' 

ir 


411 

Hingunghat . 

Bo. 

{ Thebe.st of the Indian fibres, is strong, not Up to 40s. If" 

1 very clean, and is of a light golden colour. when 
i mxd.with 

i American. 

I Very dirty, and not strong. Colour diiiy Up to 20s. If" 

|. .white. 

1" 


mVn" 

' 

Dhollebah 

Bo. 


1" 

ItVg:" 


Broach . 

Bo. 

1 Fairly clean and moderately strong. Colour To about 1" 

! strong gold. 28s, i 

JL3." 

in 


TsW' 


Oomrawuttee . 

Bo. 

1 Strong creamy fibre, but very dirty as a rule. Up to 20s. | If" 

IZjf 




Dharwar . 

Do. 

1 Fairly clean, but often injured in ginning. About 24s. 1 IjV' 

1 Moderate strength and colour golden. { 

& 

is/-' 

JO 

T^-go" 

H 

Tinnevelly 

Bo. 

1 Fairly clean, strong, and elastic. Good 24s,to28s.!. IjV' 

1 creamy colour. 

r 

A A" 

10 


S* 

tjOMPTAH . 

Do. 

1 Very dirty, of a dusky colour, and weak. Up to 16s. I-jL" 

A" 

XA" 


3d 

SCINDE 

Bo. 

A very inferior cotton, but clean. Colour 128. or 14s. ff" 
dirty white. 

tft 

•S 

•11" 

lA:o- 


Bengal . 

Bo. 

Very dirty and harsh in fibre, fairly strong. 14s. to 16s. 1" 

Colour golden. 

r 

r 


m 

Madras (West) 

Do. 

Fibres fairly strong but very dirty, and Up to 24s. l^V'. 
owing to dirt, broken fibres, etc., is very 
difficult to work. 

ir 

ir 


B 

Smyrna . 

Bo. 

Fairly clean and strong, harsh in fibre, of a Will spin If" 
dull white colour. to about 

1" 




Peruvian (Rough) . 

m ■ ■ ' 

Peruviaiium 

'60s . 

Harsh wiry fibre, fairly strong and very 'Up to SOs. If" 
clean. Colour creamy, - , v . ! . 

ir 


j'aVs" 

' &I- 



IlliSfil 

liWiI 


■liili 



11 ^^® 
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1 

: Commercial Title. 

1 

Botanic 

Description. 

Counts 

Length of Fibre. 

Mean 

Diani. 

Price 

for 

Fair. 

Species. 

spun. 

Max. 

Min. 

Mean. 

of 

Fibre. 

Peruvian (S-mootii). 

Do. 

A soft silky variety, very clean, moderately 

Up to SOs. 

ir 

11" 

T'dt" 

'1 tf 

Per lb. 
cl- 
■ 4^- 

West Indian . 

Do. 

strong. Colour whitish. 

Rather dirty, rough and harsh, moderately 

Up to 50s. 1 

ir ' 

11" 

IjV" 

tAu" 


! Pernambuco . 

Do. ! 

strong. 

A tine Brazilian cotton, light golden colour, | 

' Up to i 

ly' 


ly 


: 

41 

1 1 Ceara 

Do. 1 

rather harsh and wiry. i 

1 Fairly clean, rather harsh, moderately strong. 

about OOs.i 
Up to t50s. 

11" i 


lA" 

1 ‘ 

i ■ 1 ' 

j laiTu 

! ■ 

1 ^ 

1 fil Maranhams . 

Do. 

1 Colour whitish. 

Resembles Ceara In strength and feel, but 

Up to 

11" 


iiV' 


4t 

i -t, 


rather dirty. Colour golden. 

about GOs. 







It will now be necessary to treat in some detail 
of the nature and cultivation of the cottons in- 
cluded in above table. 

The Sea Islands Cotton is generally supposed to 
be grown from the plant native to Barbadoes, from 
which the specific name “ Barbadense'^ is derived. 
If this be so, it has varied very much from the 
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original stock, and is now found in its highest class 
(Fig. 5) on the islands and coasts of Georgia and 
the Carolinas. It is the most valuable of the com- 
mercial fibres, its great value consisting in its 
fineness, length of staple, equality of twist, and 
small variation in length of fibre. This cotton is 
very clean in cultivation, but is unfortunately 
subject to the frequent presence of undeveloped or 
unripe fibres, which render it very difficult to work. 
It is also likely to be injured in ginning, the fibres 
being broken, making waste in the after-processes. 
The fibre is strong and elastic, the twists are con- 
siderable in number and exceedingly regular, while 
its colour and appearance are very good. It is 


light cream-tinted, and beautifully sod; and silky. 
The air and soil of the islands and sea-coasts, and 
the great care taken in cultivation, ha ^'0 raised this 
cotton to the very highest class. 

Florida Sea Islaiid.—Slhis cotton is of the same 
nature, grown on the mainland, but scarcely so 
valuable as the Sea Islands proper. The soil and 
climate have a great effect on the quality of the 
fibre ; the best classes are grown in the soft, frost- 
less, salt-laden air peculiar to tlie islands and coasts 
of Florida, Georgia, and South Carolina, while the® 
same variety rapidly deteriorates* w’lien grown in- 
land, and is then knovrn as Florida. 


-I. 


CUTTING TOOLS.- 

By E. H. Sjiith, 

Professor of Mechanical Engineering, 2htsoii's College, 
Birmingham. 

TOOL STEEL. 

The good or bad qualities of nearly every kind of 
tool— its capability of being sharpened to a keen 
edge, its durability against the biiiiitening effect of 
its cutting work— its strength enabling it to exert a 
large cutting force without breaking — all de|;>end 
to a very large extent upon the physical quality of 
the material out of wdiich the tool is made. The 
material almost invariably used is Steel, and, there- 
fore, at the outset of this subject it will be w’eli to 
study the qualities and characteristics of Tool 
Steel. 

General ChameterUtics of Steel . — Steel may be 
defined as any compound of iron and carbon which 
can be forged, and which will also harden wdien 
plunged hot into water or other cooling liquid, 

“ Steel aeb Iron.”] The tensile strength and the 
hardness obtained by sudden cooling both increase 
along with the percentage of carbon. The forging 
of the material becomes more difiicult as the con- 
tained carbon increases, and when this reaches 
2 per cent, it becomes impossible to forge the steel, 
because it cracks and crumbles when red-hot under 
even light blows from the hammer. The tempera- 
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I * ture at which di:fferent qualities may be successfully 
; . forged must thus be less the higher the percentage 

5 of carbon ; and, a.s tool steels are all highly car- 

^Donised, this rule is of very special importance in 
the treatment of steel referred to here. It is corn- 
el ruined if exposed at the forge to a tempera- 

ture higher than a certain limit, which varies with 
; the quality, but always lies very much below the 

Wielding heat. 

Bessemer steel is unfit for tool-making because of 
certain impurities not eliminated in this process of 
steel manufacture. 

MamifacUire of ' Tool The steel suitable 

for tool-making is pu’ex^ared from “ blister steel,’’ 
which in its turn is produced from wrought-iron 
bars by the x^rocess called “ cementation,” this 
in’ocess consisting in tlie absorption of carbon into 
tlie iron bars at a high temperature. The “ blister 
’ t steel ” is converted into “ shear steel ” by faggoting, 
re-heating, hammering, and rolling. This shear 
« steel is used for some classes of tools, such as pick- 
axes and spade-edges, that do not require keen 
edges, and are exposed to violent shocks. But 

I V most tools are made from “cast” or “crucible” 

steel. This is produced by melting fragments of 
blister steel in crucibles, and casting the molten 
I metal into moulds, so as to form “ ingots,” -which 

are then hammered, rolled, and forged into the 
various required forms. 

1 At Crewe tool steel is also made by the Siemens- 

, Martin process. 

] ComUned The melting has the effect of 

I giving much greater uniformity of quality throngh- 

'1 out t'be mass of the product. Without such uni- 

I form ity the steel is quite unfit for tool-making. 

■j Crucible steels containing from f to 1-| x^er cent, of 

carbon are suitable for different kinds of tools, 
about IT per cent, being the average for tools for 
machining, such as turning and xfianing, and as 
much as 1-Jr to Vr per cent, the average for “ edge 
tocds.” Before hardening, a xmrt of the carbon 
exists intimatelj^ mixed, but not chemically com- 
bined, with the iron ; hut the larger portion of it is 
combined as a carbide of iron. The heating effects 
the combination of the previously' ancombined 
carbon, and the sudden cooling fixes this combina- 
tion ; so that- in the hardened steel the -whole of 
the carbon is found to be in the form of carbide. 
On the other liand, very slow and gradual cooling 
favours the separation once more of a certain 
portion, winch assumes again the form of un- 
combined graphite. The resulting product is soft, 
and the gradual cooling is called “annealing.” 

Sillco7i. — The influence of silicon in steel is in 
the same direction as that of carbon. A smaller 
XDrop(^'tion of silicon than of carbon makes the 
2 


Id 

metal unforgeable ; while to produce the same 
degree of hardening quality a larger percentage 
of silicon than of carbon is required. A small 
quantity of silicon is desirable, as it prevents the 
formation of “ air-holes ” in the ingots. 

Other Constituents . — Many tool steels contain a 
certain quantity of manganese, and the presence of 
this constituent makes forging and welding more 
easy. It also neutralises to some extent tlm evil 
(red-shortness) created by the admixture of sul- 
phur, which it is difficult to get rid of perfectly. 
Phosphorus is another impurity, which is even 
more destructive of good quality than is sulphur. 
Tungsten and titanium are said to have a decided 
influence in imimoving the toughness of the steel. 
Small quantities of copx)er, silver, and arsenic, are 
also said to improve its quality. Lastly, nitrogen 
is an invariable ingredient in steel, and it is now 
generally admitted that the admixture of hath 
carhon and nitrogen are necessary for the produc- 
tion of steel, although the quality is not necessarily 
high because it contains a relatively large propor- 
tion of nitrogen. 

SjiecmlBrands . — Many special steels have gained 
a wide reputation for toughness combined with 
hardness. Among these may be mentioned Mushet’s 
steels, in which titanium, tungsten and wolfram 
are said to be imx^ortant constituents. Among 
long-established English brands of tool steel is 
Huntsman’s, but its good quality appears to be due 
more to careful mechanical treatment than to 
special chemical constitution. Edgar Allen k Co., 
of Sheffield, furnish two extremely fine-grained, 
hard, and enduring steels, called “adamantine” 
and “ self-hardening.” These high-class steels all 
require to be forged at the very lowest possible 
heat. Allen’s “self-hardening” steel contains *95 
per cent, carbon, *33 x^er cent, manganese, and 
•21 i^er cent, silicon. The “Ivanhoe” brand of 
“ self-hardening ” steel for milling cuttens contains 
If per cent, carbon, per cent, silicon, 2-y per cent, 
manganese, and 4-^ per cent, tungsten. Both 
Mushet’s “ self-hardening ” (made by Osborne & 
Co., of Sheflfield) and Allen’s “self -hardening” 
require no water-cooling, but are hardened by being 
left to cool in the air from a low red heat. Bohler’s 
“ Carinthian ” steel, made from charcoal-reduced 
pig, is a very high-class steel of beautifully fine 
and uniform grain. 

Hardening and Tempering . — When a piece of steel 
has been hardened by heating to a red heat and 
sudden cooling, it can be partially softened again by 
reheating to a low temperature and cooling suddenly 
once more. There is some confusion of practice in 
naming these two processes. By many the word 
“tempering” is used to mean the comxTete double 
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process of hardening and subsequent partial so rten- 
ing. Others refer to the latter alone— the 
partial softening— by the term tempering. It is 
much to be desired that this latter use of the word 
should be adhered to, as great inconvenience and 
frequent misapprehension arise from the use of one 
term for two distinct and wholly different— in fact, 
quite opposite— operations. 

Colour Scale of Tenqjeratures. — -As steel is heated 
to higher and higher temperatures, its surface, if 
perfectly clean, assumes successively the following 
colours : — , 

Pale straw yellow at about 430® Fahr. This yellow colour 
• gradually deepens in shade until there is reached 

Brownish-yellow at about 500® Fahr., which darkens to 

Light purple at about 530® Fahr., which gradually deepens 
and shades into 

Dark blue at about 570® Fahr. This blue becomes lighter, 
and eventually becomes i>ale blue, tinged with green, 
at about 630® Fahr. 

Urging the temperature still higher, the metal 
becomes successively— 

Bliick, dark cherry red, glowing red, bright red, orange, 
bl ight yellow, white, and scintillating white, 

at which last temperature the steel very rapidly 
burns away in the air, and above which tempera- 
ture it becomes decidedly pasty as it approaches 
the melting-point. 

Various Effects of Sudden, Coolirig, — If a piece of 
unhardened steel be heated through the yellows 
and blues up to the black temperature, but not so 
far as to show any red colour, and then be suddenly 
quenched in some cooling liquid, it will be found to 
have been hardly altered in texture as exhibited on 
a fractured surface, or in hardness as tested by the 
file or the grindstone. If, however, it be heated to 
the dark cherry red before quenching, it will be 
found to be both greatly hardened and made finer- 
grained in texture on the broken section, and also 
strengthened against a tensive fracturing stress. 
All these three effects will be increased if the 
temperature before quenching be raised to glowing 
red. By quenching at successively higher tempera- 
tures than this, the grain is once more made coarser 
and more open, so that the quenching from a bright 
red gives much the same fineness of texture as that 
of the original unhardened bar, while quenching 
from a white heat leaves it much coarser than this. 
The strengthening effect also is continuously de- 
creased by quenching from higher temperatures up 
to bright yellow, and quenching from the white 
heat produces great brittleness. The hardening 
effect, on the contrary, is continuously increased 
by quenching from higher temperatures right up to 
the dazzling wiiite heat. 

The amount of tensile strengthening derived 
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from this hardening process depends greatly upon 
the cooling liquid, and also upon the percentage of 
carbon in the steel. Cooling in oil strengthens very 
much more than cooling in water ; and cooling 
warm water or salt water, or, water wdth some salt . 
and flour mixed with it, gives greater toughness ■ 
than plain water-cooling, especially in the case of 
highly - carburised, that is, tool steels. The 
strengthening effect, however, is much more 
strongly marked in mild than in tool steels. 

Different Cooling Suhstances , — The amount of 
hardening does not. only depend upon the tempera- 
ture from w^hich the cooling takes i^lace — i.c., upoj>^ 
the range of cooling— but also very greatly upon 
the rajxidity of cooling, the more rapid cooling 
effecting the greater hardening. Different sub- 
stances cool more or less quickly, according: to 
their power of conclnoting heat, and also in propor- 
tion to their specific heat. Metals have, therefore, 
other things being equal, and with the same differ- 
ences of temperature, much greater cooling power 
than other substances. Thus a thin piece of steel 
can be intensely hardened by heating it and laying 
it between two clean and thick pieces of metal, 
such as iron or, still better, copper. The difficulty 
in using solid pieces of metal for the purpose lies in 
the impossibility of getting them to touch all over 
the surface of the steel to be cooled. 3Iolten 
metals, such as tin, lead, and zinc, have been 
proved experimentally to be efficacious ; but the 
high temperature, especially of the latter, enfeebles 
their hardening action. 

Water- Cooling hj Evajmratwn. — Water is a very 
bad conductor of heat, and the quenching of steel 
in water is not effected by the conduction of the 
heat away into the body of the water. The heat 
only finds its way into the layer of water immedi- 
ately -in contact with the hot steel, and this layer 
is immediately evaporated into steam. Provided 
the steam finds easy escape, fresh layers of water 
get evaporated rapidly in succession, and since the 
steam absorbs a great quantity of heat in being 
generated, the steel becomes very rapidly cooled. 
It is, however, nece.ssary to allow the steam to 
escape freely from every part of the surface to be 
hardened. This is effected by moving the piece 
through the water and turning it round to and fro. 
The best possible method of securing a continuous 
fresh supply of water to the surface is to let a jet 
in the form of fine spray play upon it. A double or 
triple jet may be used in order to get different 
sides acted on equall^y and simultaneously. 

Lead Bath, — A red-hot lead bath is sometimes 
used for heating, prior to hardening, pieces so large 
that they are apt to crack in hardening from un- 
equal cooling. It has the disadvantage thqint the 
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® lead sticks in sharp corners, such as those between 
the teeth of milling cutters and the grooves of 
rimers. The lead so sticking interferes with these 
joarts receiving the heat and cooling properly in 
the subsequent tempering, and therefore such parts 
are covered with a carbonaceous paste before the 
piece is ]jlunged in the lead bath, which prevents 
the adherence of such fragments of lead. 

Temperhig . — The subsequent tempering consists 

■ in removing some of the hardness iDroduced by 
the quenching, by means of re-heating to a low 
temperature. The amount of softening is greater 

^he higher the temperature to which the steel is 
a'e-heated. Usually the piece is again quenched 
■when the proper low temperature has been reached. 
The resulting degree of hardness, of course, depends 
«on the quality of the steel, especially upon the 
•carbon percentage,- as well as on the tempering 
heat. The following table of tempering colours is 

■ supplied by Jonas and Colver, of SheiSeld, for the 
■high-class steel they supply. The different tools 

■ are arranged in the list in the order of the suc- 
cessively higher temperatures to which they should 
■be brought for tempering. 

F/unt straw . . . Scrapers for Iwass. 

Steel engraving tools. 

Light turning tools. 

Hammer faces. 

Planing tools for steel. 

Planing tools for iron. 

Paper-cutting knives. 
'Wood-engraving tools. 

Flat drills. 

Milling cutters. 

• . Wire-drawing plates. 

Boring cutters. 

IBrownish-yellow . . Screw-cutting die.s. 

Leather-cutting dies. 

Taps. 

Chasers. 

, Eock Drills. 

; Punches and dies. 

’ ’ Bimers. 

Shear blades for metal. 

Gauges. 

Stone-cutting tools. 

Plane irons, 

Twi.st drills. 

Wood borers. 

Light purple . . , Cold chisels for steel. 

Axes and adzes. 

Cold chi.seLs for cast-iron. 

Firmer or mortising -chisels. 

Cold chisels for wrought-iron. 
Circular saws for metal. 

Dark i»lue . . . Screwdrivers. 

Springs. 

The same firm manufacture steel of different 
degrees of carburisation, which they number from 
^ 1 up to (5. Of these No. 2 is suitable for turning, 

f planing, aiid drilling tools ; Nos. 3 and 4 for rimers, 

\ tax^s, milling cutters, and chisels ; and Nos. 5 and 6 

for pun dies, shear blades, screwing dies, and 
'hammers. 

Thomas Cliatwin, of Birmingham, tempers shear 
blade^ and engineers’ taps to light straw; gas- 
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fitters’ taps and screw-dies to a straw a shade 
darker, and chasing tools to a chirk straw; twist 
drills and chipping chisels to a bluish-brown, i.e., 
practically the same as in the above list ; the small 
circular knives of tube-cutters to a purplish-blue ; 
cylindric gauges to a very faint straw, to ensure 
the best wearing quality. 

Craehing and Warjging . — fn hardening there is 
much risk of splitting, owing to the cooling and 
contraction of different parts at different rates, and 
this also not unfrequentl}’- produces distortion. The 
risks of these mishaps, however, is generally still 
greater in the tempering, because in the hardening 
we have at least a uniform temperature throughout 
the mass to start with, whereas it is very difficult 
to arrive at an equal temperature throughout in the 
low heating necessary for tempering. Many differ- 
ent methods are therefore adopted to heat the 
objects for tempering. Large massive pieces are 
usually heated over a coke fire in a close oven, and 
sometimes in a muffle heated either by coal fire or 
by gas, the most perfect method being that of 
clipping in a hot bath of oil or molten metal, the 
jDarticular alloy chosen for the bath being suited to 
the temperature desired. Small pieces are most 
frequently heated simply on a hot plate lying over 
a fire. The focus of the fire being at one end of 
the plate, a gradually-rising temperature is reached 
by xmshing the objects slowly from one end to the 
other of the plate. Such a plate, covered with a 
thick uniform layer of sand, gives greater possi- 
bility of obtaining an equal temperature thoughout 
pieces of unequal thickness, but is somewhat less 
handy for the workman to deal with if he has to 
watch many pieces at the same time. A small 
piece that presents peculiar difficulties in getting 
the temperature uniform may be heated inside a 
red-hot iron tube or ferrule. Ordinary -workshop 
tools, such as chipping chisels and turning tools, are 
usually re-heated by leaving unquencbed in the 
hardening a portion of the bar not desired to be 
hard, and then allowing the quenched portion to be 
re-heated by conduction from this part that re- 
mains hot. In order to stop the re-heating at the 
right temperature, the colour is watched, and to 
make this visible it is necessary to clean the sur- 
face perfectly. This can be done by rubbing with 
a piece of sand or pumice-stone, and where many 
articles are rapidly passing through the hands of 
the temperer, a boy is kept to clean up the surfaces 
by mea,ns of a rapidly-rotating buffing- wheel, fed 
with water and sand or emery-powder. 

When the quality of the material dealt with is » 

not very certain and is subject to even slight want 
of homogeneity, it is well to submit it to thorough 
annealing by slo-vV cooling before hardening and 
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tempering, and the desired result will be attained 
more certainly if the annealing process be repeated 
more tlian once. . Again, inequality in hardness and 
texture due to unequal cooling in hardening, may 
be rectified to a great extent by repeating the 
tempering process twice, thrice, or even four times. 
In doing so the re-heating for tempering should be 
performed as slowly as possible, and oil, or water 
covered with a layer of oil, should be used as the 
dipping fluid. The cooling may also be allowed to 
take place in the air, wdthoiit the use of any 
liquid. 

The shape of the article to be hardened has, of 
course, a great deal to do with unequal or equal 
cooling of its different parts ; and this is influenced 
largely also by certain necessarily entering 

the cooling fluid first, while, on the other hand, the 
interior x)arts never come in contact with this fluid. 
Those parts most freely exposed to the cooling 
action are most rapidly cooled, while the internal 
portions coot only gradually, because they do so 
only by having their heat transferred through the 
surrounding layers and external surfaces. Pieces 
which are thin in some parts and thick in others 
become unequally hardened and are apt to crack 
and warp. For instance, the hardening of a half- 
round file so as to keep the face truly fiat is one of 
the most difficult operations in tool-making. Tools 
with hollow bosses may have the cooling of these 
central parts accelerated by directing a small jet of 
water through the hole in the boss. Such bosses, 
however, are very frequently desired to be softer 
than the edges. The cooling of the exterior may, 
on the other hand, be retarded by various devices, 
such as clamping upon them pieces of iron shaped 
to fit closely, or smearing them over with a coating 
of loam bound on with wire. A coating of prnssiate 
of potash similarly bound on is also recommended, 
the prnssiate of potash having an extra hardening 
effect by further carbonising the surface layer. 
This latter process ax)pears to be of particular 
value ill preventing cracks at sharp re-entrant 
corner angles. A stout ware is wrajiped into the 
corner, and the prnssiate is plastered oi’er it. A 
coating of prnssiate of potash is also sometimes 
used to protect the surface from oxidation in heat- 
ing for hardening over an open fire. Such oxidation 
is, of course, to be specially guarded against when 
the piece to be operated on has been tooled over 
and nicely finished. Here the exclusion of air 
from contact with the steel surface is the object to 
be aimed at. 

Pieces that arc found to cool or heat unequally, 
and, therefore, crack in spite of any of the above 
precautions, can frequently be dealt with success- 
fully by somewhat modifying the shape in such a 


way as not to interfere with the necessary strength,, 
and yet to reduce the mass of metal at those parts 
which cool less rapidly than the others. 

It is evident that uniform heating is as importan|^ 
in order to avoid cracking as is uniform cooling, 
and the same causes as regards slmpe, etc., make it 
difficult to attain uniformity in the heating process.. 
The difficulty in heating, however, can be to a 
great extent overcome slow -lieating . If Hit mte . 

of heating were indefinitely small, every part of tho 
metal w^ould certainly come to almost exactly the 
same temperature. Hence arises the value of the pro- . 
cess termed “ soaking,” which simply refe.rs to th^;^ 
finishing of the heating j)rocess very slowty. The 
use of gas stoves in this trade. lias not yet, in the 
opinion of the author, been sufficiently develo^jed. 
By them a closed chamber can be o].)tained with 
very uniforni temperature at every point of each 
level surface, a graduation of heat being obtained 
from top to bottom of the stove, and furthermore 
the flame can be made ■wholly non-oxidising (or ■ 
even carburising if. desired) by suitable regulatioB '' 
of the relative supplies of gas and ai,r. 

In .forging before , hardening, the hammering on 
the. anvil sho.tild be' continued until the metal is 
quite cool, and a ragged edge at the point of the 
tool should be carefully avoided. If the tool has 
to bo subsequently re-hardened, it should be first 
heated to a low red heat, hammered until cool, and 
then again heated for hardening. The lianpnering 
gives fineness of texture and toughness. 

In heating for temjpenng in oil, or with the 
article smeared over -with oil or tallow, George Ede 
says that the first appearance of smoke rising from 
the oil indicates the attainment of the temperature 
of 450° Fahr. When the smoke rises copiously,, 
the temperature of 500° Fahr. has been reached, 
corresponding to tlie “brown” colour; still more 
abundant black smoke indicates 530° Fahr., or the 
“purple” temx:>er; and 580° Fahr., or “blue” 
temper, is reached when the oil takes fire when a 
lighted match is brought in contact with it. 

Tool steel is much more expensive than any kind 
of cast or wrought iron, or mild steel. It is of 
importance, therefore, that scraps of tool steel 
should not be thrown aside as waste, but should 
be collected for remclting in the crucible, especially 
as such remelted scraj) makes the best quality of 
steel. Steel-makers buy such scrap from engineer- 
ing workshops. The bulk of it consists of st umps 
of turning and jilaning tools and of chi|3ping chisels 
worn and ground too short for ’further use, and of 
broken files. Files that are not broken, but merely 
bliintened, are not remelted, but merely softened, 
recut, andrehardened. Milling cutters with broken 
teeth are softened, re-turned, and recut. ^ 
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^ . : PLUMBim—I. 

By A Practical Plumber. 

INTEODIJCTION. . 

INHERE is probably no trade or craft that is of 
greater antiquity than that of the plumber. Of 
the discovery of lead we know nothing, and we 
can only conjecture that it was in all probability 
found by accident, like glass and many other 
important materials. Lead is plentiful in many 
parts of the world, and this fact, together with 
that of its being' easily reduced from its ores, and 
^le facility with which it can be manipulated as 
compared with iron or copper, will easily account 
for its being highly valued by primitive races. It 
would be very interesting to trace the gradual 
progress of the art of lead- working from the 
earliest ages to the present day ; but this would be 
foreign to the purpose of these lessons. 

There is, it need hardly be said, a great differ- 
ence between the plumber of the present day and 
the plumber of, say, a hundred years ago: at 
that period little or nothing v^as known or 
written about sanitary science, as we understand 
the term, with reference to plumbing. The 
drainage of cities and towns was in a very un- 
satisfactory and unsanitary condition as regards 
the main drainage ; and the sanitary arrangements 
(if such they could be called) of dwellings 
were faulty to a degree. No principles were laid 
down by responsible authorities for carrying out 
the drainage and plumbing work in a proper 
manner. Architects and surveyors had very little 
knowledge of these important subjects, and con- 
sequently many blunders were perpetrated. 

But by degrees light broke on the subject ; one 
by one new inventions were brought out. Sanitary 
science, sanitary plumbing, and sanitation became 
household words, and plumbing found itself elevated 
from a trade to a science. Old things began to 
pass away and new things to take their place. All 
tliat was new, however, was not good; many ideas 
and schemes were brought out by would-be sanitary 
reformers, and conclusively proved (by them) to be 
the very best of all possible schemes. But time 
proved most of them to he unworthy. Yet even faults 
and failures had their uses : people began to take 
some interest in the sanitary fittings of tiieir houses, 
and to realise that it was better after all to pay 
somewhat moi*e to the plumber and have a good job 
made of the work than to exercise a false economy. 
First of all there is a tendency to under-estimate 
the value of good plumbing work, and to pare 
•down prices to the lowest level. For example, two 
plumbers are asked to give a price for the work of 
a house ; one, by specifying cheaper material and 


fittingsyand leaving out various trifling details, 
gets his estimate perhaps £5 cheaper than the 
conscientious man who has endeavoured to plan 
out a good and workmanlike job, and in nine cases 
out of ten the cheap man will get the work. This 
is bad in several ways : the cheap man is confirmed 
by his success in his policy of cheap and nasty; 
the other man, finding his honesty of dealing un- 
appreciated, is tempted to lower his standard of 
work, and the general public are the sufferers. 

Next, there are a great many persons who profess 
to do plumbing "and sanitary vrork who have very 
little qualification for it beyond a signboard over 
their shops with the words “plumber and sanitary 
engineer ” thereon, and a few traps, closet-pans, and 
plumbei's’ fittings in their windows. The general 
public having no occult powers of distinguishing 
the skilful workman from the duffer are just as 
likely to employ the duffer as they are the skilled 
man. Lastly, we have to take into consideration 
the conservatism of workmen. Workshop methods 
and maxims that have been handed down without 
questioning from generation to generation are not 
easily displaced, especially as we know that the 
British workman frequently is very much prejudiced 
against book-learning, and if he has managed to 
get through his apprenticeship and obtained a job 
as a full-fledged journeyman, thinks that no one 
can teach him anything more, and that what he 
does not know is scarcely wmrth learning. Some- 
thing, however, has been done to remedy this state 
of affairs. 

The Plumbers’ Company formulated some years 
ago a system of registration, by means of which 
any plumber possessing the requisite knowledge 
could pass an examination and take a certificate 
of registration, and be entitled to term himself 
a registered plumber ; and though it by no means 
follows that a registered plumber is always a 
better workman than his unregistered brother 
(for there are many good workmen who have 
never taken the trouble to become registered), 
yet the registration certificate shows that a know- 
ledge of the subject is possessed by the holder, and 
that he understands the practical portion of his 
work as well as having some knowledge of the 
scientific principles underlying his trade. Thus 
the public have this much protection afforded them, 
that they can, if they will, employ men who can 
give some proof that they understand their business. 

All young men engaged in plumbing work should 
endeavour to perfect themselves in the scientific 
branches of their work as well as in the practical. 
It should he the aim of every plumber to know 
not only the way to do a thing, but why it should 
be done that way ; to be able to explain the differ- 
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ence between a good job and a bad one, and to be 
able to carry out a piece of work so that he need 
not care who might examine or criticise it wdien 
finished. 
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WOEK OF THE PLUMBER, THE WORKSHOP, SOME 
TOOLS AND APPLIANCES AND THEIR USES. 

The word “ plumber,” from the Latin ^hcvibiim, 
lead, signifies of course a lead worker or manipu- 
lator, and such is one of the branches of trade of 
the modern plumber ; but the ’word has now a much 
■wider application. 

The plumber of to-day not only makes soil-pipes, 
traps, bends, cisterns, etc., and fixes closets, sinks, 
lavatories, and other sanitary appliances, but he 
must also be acquainted with hot-water work, in- 
cluding the fitting up and repairing of kitchen- 
boilers, and the necessary pipes for the hot-water 
supply to baths, sinks, etc. In many country shops 
we find the plumber doing gas and cold-water 
fitting, and very often he combines with these some 
knowledge of electric and other bells, not to men- 
tion a little smithing and lock-work thrown in 
occasionally. 

In these lessons I will deal with the principal 
work of the modern plumber. 

Flmihefs WoThsho2),~~’^li^ workshop should be 
large, well lighted, and well ventilated to take ofi 
the fumes and noxious 
smells that are some- 
times unavoidable, 
such as when cleaning 
closets, burning ofi the 
iron ■work, etc., as well 
as the fumes from 
metal-pots, and so 
forth. A forge is very 
useful, and at any rate 
there must be a fire- 
place ’with a strong 
iron bar built in across 
it to suspend pots of 
metal over the fire, 
which should not be 
built too high up. A 
portable fire or “ devil,” 
as it is called (Fig. 1), is also a necessity to take 
out on jobs. In lieu of, and sometimes as an 
accessory to, the open fire-place before mentioned, 
a plumber’s stove (Fig. 2) is used ; these are made 
of cast iron, and arc strong useful articles. Figs. 3 
and 4 show two metal or solder-pots of different 
shapes ; Fig. 4 is often preferred to Fig. 3, for the 
reason that the metal, when cold, will turn out 
should it be required. I have also usually found 
thepi thicker, which is an advantage, as t|ie metal 



Fig. 1. 



is not so likely to burn as in a thin pot, and the 
heat is retained longer -when off the fire, ■which is 
a consideration when at work in the open air. 




Fig. 2. 


Fig. 5 shows the xfiumber s soldering iron proper* 
as distinguished from the copper-bit. Various 
sizes of these are required for different work, those 


Fig. 3. . Fig. 4. 

used for joint-making being smaller than for roof- 
work and cistern-lining. 

It will be seen that these irons are hooked at 
the part hold in 
the hand ; this is 
for convenience in 
palling up to roofs 
from the ground, 

to save the plumber s mate from trotting up and 
down a long ladder or stairs ; also for convenieiiot- 
ill handling; and lastly, because wooden handle.'- 
are not suitable for these irons even if a straight 
form were desirable. 

Ladles (Fig. 6) are required of various sizes, from* 
a small one holding about l-l- pound of nirtal 
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those of 6 or 7-incli diameter. In choosing ladles 
select wide-handled ones, as they afford a firmer 
hold ; some plumbers double 
the handle back bow-shaped ; 

0. it is a good plan if the handles 

are long enough to allow it. 

Caution . — When picking up a ladle to skim or 
}jut into a pot of metal, aUvaj-s make sure that it 
is not damp. Many accidents have happened 


make a joint or connection between them. It is 
used by grasping the pipe to be opened in the palm 
of the left hand, and holding the turnpin lightly 
by thumb and finger and smartly tapping it with a 



through carelessness in this : the steam generated 
under the surface of the metal by the wet on the 
ladle forces up the lead in a shower, often into the 
face of the user ; it is a good plan to put the ladle 
on the fire for a minute or two. 

Figs. 7, 8, 9 show the shape, etc., of various copper 
bits used for joint-making, pipe-soldering, etc. ; these 

, irons can be pur- 

chased at the tool- 
merchant’s, but to 
my mind they are 
not correctly made, 
the shanks are 
usually too long and the handles badly fixed ; a lot 
of copper also is wasted by being riveted between 
the two wings of the shank. An iron made like 
Fig. 10 can be used up to 
the last piece; the shanks 
of soldering irons should be 
drawn out tapering and pass Fig, lO. 

right through, the wooden handles and clenched 
or riveted over at the end (see dotted lines, Fig. 9), 
and a groove should rim round the handle at 
the top, and copper wire bound round to prevent 
the handle splitting ; this is better than a ferrule, 
wdiich is constantly slipping down the shank. The 
shavehooks (Figs. 11, 12, and 12 A) are used for 
shaving the edges of- soil-pipes, ends of joints, etc., 
previous to soldering. ' The bent one is for use 
where the straiglit one would he awkward to use. 
Some little practice is required even to “shave” 
correctly; if not lield at the correct angle, instead 
of the lead shaved having a smooth, bright appear- 
ance as if planed, it will be rough and ribby. 
Figs. 13, 14 show the “turnpin”; this is called all 
sorts of names. I have heard men say : turnpin, 
tanpin, tampion, taftpin, and pipe-opener. A pipe- 
opener it undoubtedly is ; but we wall through these 
lessons call it by the (I think) most generally: 
known term of “ turnpin.” Its use is to open the end 
of 0^3 e piece of pipe to receive the other, in order to 




hammer; it is preferable to use a light hammer 
with smart blows than a heavy hammer, even for 
largish pipes. Plumbers doing much pipe Work 
require several of these, varying in size for different 

f work from IJ inch across ^ 

the top, inch at bottom, | ’ ;|||j||^ 

and 2 inches long, up to 7 It \||BP' 
inches across, 2^^ inches at ''i| |j||||' 
bottom, and 10 inches long l,|';||F 
— this latter is for soil-pipe. 

Fig. 13. turnpins usually sold 

are made like Fig. 13 ; but Fig. 14 is the best shape 
for the two smallest sizes : they slioiild be made of 
best box, or, better still, lignum vitoc. 

SOLDER-MAKING. 

Previous to describing the making of solder, 
let us see what it is composed of. Briefly speak- 
ing, solder is an alloy of metals used for the pur- 
pose of joining metals together. The metals of 
which solder is composed are mainly lead and 
tin; bismuth is added in some cases to make a 
very easily fusible solder for special purposes, and, 
ill some cases, mercury is added for tbe same 
purpose. The writer, how^ever, in the course of 
twenty-five years’ working experience, has found 
simple alloys of tin and lead serve his jjurpose for 
anything he has required. 

Doscrij)tum of VarmiS Solders.— The following 
list is a reliable one for practical purposes : — 
Plumber’s solder for wiped joints, 2 parts lead, 1 
part tin (modified slightly according to circum- 
stances). Coarse solder for copper-bit work, equal 
parts of lead and tin. Fine solder for copper-bit 
work, 4 parts tin, 3 parts lead. Blowpipe solder, 
6 parts tin, 3 parts load. Very fusible solder, 
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suitable for finest pipe-work, such as pneumatic bell 
tube, etc., 2 parts tin, 2 parts lead, 1 part bismuth. 
Scores of other slightly varying formulae could be 
given, but to no useful purpose, as the above will 
serve for all classes of work. 

Frejjamtmi of the Solder. —Vse, for making 
plumber’s solder for wiping, pure pig lead where 
possible ; if this is not available, use clean cuttings 
of sheet lead or pieces of lead pipe. Bo not use 
any pieces of metal that have been run down 
before, as you know not what may have been 
mixed with them, and nothing will tell the tale 
quicker of there being anything wrong in its com- 
position than plumber’s solder. Zinc, above all 
things, must be kept out of, and as far as possible 
from, it. Melt tbe lead first in the metal pot over 
.the forge, stove, or “ devil,” skim ofi the dross and 
impurities with a ladle, then add the tin, stir well 
together with a piece of stick, throw in a little resin 
to clear it ; again skim off the dross, and pour out 
into moulds of any convenient size and shape. 
Commercial solder, by which I mean that sold by 
the dealers and lead merchants, is made in what are 
called “casts” of about 56 lb., run in a mould of 
damp sand. Fig. 15 shows a “cast” of solder. 

€oj)j)er-hit Solder . — Melt as previously described 
for plumber’s solder the proper proportionate parts 
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of lead and tin, and run into sticks about IG or 18 
inches long. Cast-iron solder moulds can be pur- 
chased or V-shaped moulds can be made in sheet- 
iron ; for convenience in handling, “ stick solder,” 
as this is termed, should not weigh more than 1 lb. or 
thereabouts to the stick. It frequently is the case 
that fine solder has to be made from wbat we may 
term odds and ends, say some old pewter pots, pieces 
of tin pipe, plumber's joints (known as “hards ”) cut 
out of lead pipe, and so on ; in this case it is advisable 
to melt these all down first— the coarser metals first, 
adding the pewter last : now we have a mixture, but 
we do not know whether it is too fine or too coarse. 
To find out, run out a stick and allow it to get quite 
cool ; tlien take it in both hands and bend it, holding 
it close to the ear. Should a pronounced crackling be 
heard, it clearly indicates that it contains too much 
tin ; should the crackling be very faintly discernible, 
it may be concluded that the solder is very good 
and fit for use, and if not wanted extra good, about 
5 per cent, more lead may be added. Should it 


bend softly without a sign of the crackling, it re- 
quires more tin, which should be added tentatively, 
testing after each addition of (say, you are making 
§ cwt.) about 21b. at a time. Solder can also be 
estimated by the look of it. Run out a piece about * 
the size of a five-shilling piece on the anvil, or an 
iron plate, and watch it ; should it set quickly a dull 
bluish-grey, it shows too much lead ; should its 
colour be white and little pits all about it, it shows 
too much tin ; should it keep its silvery appearance 
for several seconds and gradually set all over with 
a uniformly bright and smooth surface, it may be 
considered to be satisfactory, 

JBlo}v-pi])6 Solder . not being required to lie 
made in large quantities, is best melted in a good- 
sized ladle, and the method of runuing it out is as 
follows Brill a hole | inch in diameter in a smaU 
ladle, about ^ inch down from tlie edge, have an 
iron . plate perfectly level, and dip out a ladlef iii of 
solder ; cant the ladle, so that the solder flows above 
the small hole, at the same time drawing the ladle 
back about 18 inches : the metal flows in a small 
stream through the hole and sets rapidly on the 
cold iron plate in strips of a suitable size for the 
blow-pipe. This solder, to keep it clean and bright, 
should be kept in a canister. 


DEAWING POE CAEPENTEES AND 
JOINERS.— I. 


The object of the present series of lessons is a 
thoroughly practical one— namely, to teach the 
drawing required by Carpenters and Jolliers, whose 
work enters so largely into all building operations. 
It is hardly necessary to say this drawing is 
something more than mere copying. Brawing is 
said to be the language of the workshop, and 
certainly a drawing conveys information to work- 
men that mere verbal explanation could not 
possibly do. Although the first lessons in this 
series consist of making scale drawings from 
dimensioned sketches, by the time the student/ 
has gone through the series, he should be able 
to represent on paper bis ideas with respect to 
any particular piece of building construction. 
Such is the chief aim of mechanical drawdng in 
all its branches. 

Dr airing I%&triments.-~li\\% instruments used 
are the same as those used for engineering 
drawings ; the student, therefore, before beginning 
an exercise should refer to the lessons on “ Brawing 
for Engineers,” and study carefully wbat is there 
said about drawing instruments and their use. 

Pencil Prawlngs.^Va^. technicalities of pre- 
paring a carpenter’s drawing are pretty much the 
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same as for an engineer’s drawing. Here again 
the student is referred to “ Drawing for Engineers,” 
and is recommended to read the paragraphs on 



‘‘pencil drawing.” He oay also work out the 
first few examples there given, which are intended 
to give facility in the use of the T-square, set 
square, drawing-scale, and pencil. Presuming 
that he can do these examples with some degree 
of neatness and accuracy, the following examples 
may be attempted. 

^xamjple 1.— Timber platform on which a foun- 
dation is to be erected. Fig. 1 is the plan showing 
the Jransverse sleepers aaa which rest direct on 


the soil, tlie longitudinal sleepers h h which rest on 
the top of the transverse sleepers, and part of the 
planking ce. Fig. 2 is a section taken midway 
between two transverse sleepers, and shows the 
longitudinal sleepers in section, the transverse 
sleepers and planking in elevation. Draw to a 
scale of half an inch to a foot. We will go into 
the details of this drawing rather carefully, in 
order that it may serve as an example for the 
student of the method of attacking more complex 
drawings, 

(1) With the T-squarc draw the line A B (Fig. 1) 
faint. 

The longitudinal sleepers I 1) are marked 8'^ 
square in section and 2F' apart ; so 

(2) Set the edge of the drawing-scale along A B 
and mark off 8'', 24^ 8'^ 24'", 8", 24", 8" in suc- 
cession. Note, these dimensions must be set off 
direct from the edge of the scale, a pencil mark 
being made on the paper exactly at the proper 
mark on the scale. Dividers or compasses must 
not be used for this purpose. 

The transverse sleepers are marked 11 feet long, 
and by a little addition and subtraction it is seen 
that their ends project 14" beyond the longitudinals. 
These distances may be marked along A B in the 
same manner. 

(3) Through the pencil marks on A B draw with 
the set square the lines indicating the longitudinal 
sleepers and the ends of the transverse sleepers 
A c and B D, faint. 

(4) Set the edge of the drawing-scale along b d, 
and mark oif the seven transverse sleepers 12" 
wide and 24" apart. 

The longitudinals are marked 21 feet long, and 
therefore project 1 foot beyond the transverse 
sleepers ; mark off these distances along b d. 

(5) Draw the ends of the longitudinals firm, and 
draw the transversals, as shown in Fig. 1, firm. The 
latter lie below the longitudinals, and therefore 
the lines indicating them stop at the longitudinals, 
or they may be drawn dotted if desired. In the 
figure five transversals are shown, the planking of 
the platform being shown on the remainder of the 
plan. The lines just drawn are perfectly deter- 
mined in x^osition by faint lines already on the 
drawing, hence we have asked the student to draw 
them at once firm. 

(6) Rub out the parts of the faint lines A c and 
BD that are not required, and also the faint lines 
Xjrojecting beyond the ends of the longitudinals, 
and firm in the remaining faint lines. 

(7) The planking c c e is 6" x 4" x 10' 0" long, 
and may be drawn in the same way as described 
above. 

The section (Fig, 2) must be properly projected 
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from Fig. 1. It will be noticed that transverse 
dimensions in Fig. 2 are the same as in Fig. 1. 
The vertical dimensions in Fig. 2 must be marked 


J b 
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off direct from the edge of the scale. Notice that 
there are notches 2" deep in the transverse sleepers 
to receive the longitudinals. 

The spaces between the sleepers are weU rammed 
tip to the top of the sleepers, the planks may then 


be said to rest on a solid base. The planks should 
be spiked to the sleepers with wooden pins. 

Example 2.— -Figs. 3, i, and 5 are plan, end 
elevation, and longitudinal elevation re.'^pectivel v 
-of a platform on wliicli the longitudinal sleeper.^ 
Ih rest directly on the gTouiul, and are kept in 
place by the cross-slecpers a a w'hicli rest upon 

A 


holt, yl 


Square 






A V \m 
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Fig. 13. 


them. There are notches cut in tlje longitudinals, 
so that only half the thickness of the cross-sleepers 
stands above the longitudinals, as is clearly shown 
in Fig. 5. The dimensions of the sleepers are the 
same as in Example 1. 

It should be mentioned here that the figures 
relating to Examples 1 and 2 must be regarded as 
mere sketches : they are not drawn to scale; and 
therefore the student must not merely copy them. 
The figured dimensions must be carefully attended to. 

Example 3. —Fig. 6 is the plan and Fig. 7 the 
section of a network platform for a foundation 
where the soil is of a soft character, and liable to 
be pressed outward by the weight resting upon it, 
but still not sufficiently so to render sheet piling 
absolutely necessary. Strong piles e c c, 10'^ square 
in section, are driven down into the soil ; these are 
connected by horizontal planks c c, 6" x in 
section, placed on each side, and bolted through the 
piles. In the space left between these planks a 
wail is formed of timbers d d d d, 4" x 8" in section, 
which are driven down into the soil, but not so far 
as the piles cc. Figs. 8 to 12 show different forms 
of joints for the planking d cl ; Fig 8, rebated ; 
Fig. 9, splayed at one edge, and recessed at the 
other ; Fig. 10, ploughed and tongued. In Fig. 10 
the tongue is shown in two forms, square and 
tapered, and in Fig. 11 it is worked into^thc* 
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dovetail form. Fig. 12 shows the planks joined 
by a loose tongue. 

Fig. 13 shows the bolt and nut for bolting the 
horizontal planks e on each side of the piles ^ c. 
In order that the wood fibre.s may not be damaged 
by screwing up the bolt and nut, the cast-iron 
washers are introduced between the nut and 
the plank, and also between the bolt-head and the 
plank. The pull of the bolt is in this way distrib- 
uted at once over a large surface of the plank. . 

The ends of the piles cce are pointed and shod 
with a cast-iron shoe, and an iron ring is placed 
round their upper ends to prevent the piles splitting 
by the violence of the blows necessary to force 




Fig. 14, 


Fig. 15. 



them down. Fig. 1-1 shows the pointed end with 
the cast-iron shoe. In sheet piling the ends of the 
piles are formed as in Fig. 15. 

Draw Figs. 5 and 7 to a scale of half an inch to a 
foot. Figs. 8 to 12 may be drawn separately to a 
larger scale, say 3 inches to a foot, before showing 
the joints of the plank, in Figs. 6 and 7. Fig. 13 
should be drawn full size. In “Drawing for 
Engineers the method of drawing bolts and nuts 
is explained at some length, and the student should 
adhere closely to the instructions there given. The 
student will iind it advantageous to draw some of 
the earlier examples a second time, taking care, of 
course, to avoid any errors or inaccuracies made in 
the first drawing. The second drawing will not, as a 
rule, require nearly so much time as the first one, 
since the student knows better the construction of 
the object represented, and also should know the 
exact meaning of every line of the drawing. 

In the earlier drawings there should be no at- 
tempt made to represent the grain of the wood as 
shown in Figs. 1—7, but the drawings should be left 
in outline in pencil as in Fig. 13. All the student’s 
attention must be devoted to the production of 
these pencil drawings in firm, uniformly thick lines. 


• ELECTRICAL ENGIFEERIRG.™-!. 

By Edward A. O’Keeffe, B.E., 

Senior Dcmonst rator in EkctrkttJ Ertginen'iinj, City and Gtdlds 
of London Tcch/iiail C(iUegt', Findjurii. 

IXTRODUCTIOX. 

The science of Electrical Engineering is one which 
has attained its present prominent position in what 
may be called a phenomenally short space of time. 
Its growth within the Tictorian era has no parallel 
among the kindred sciences. It would seem as if 
men during that time were endeavouring to make 
amends for the lethargy into which their fore- 
fathers had apparently fallen for something like 
two thousand years; for it is fully two thousand 
years since the two primary discoveries were made 
in electricity and magnetism. The finst was, that 
if a piece of amber was rubbed it acquired the 
jproperty of attracting light bodies ; the second 
was, that certain black stones, found at that time 
in Magnesia, in Asia Minor, possessed the property 
of attracting iron. These stones were called mag- 
nets, from the district in which they were first 
found. Here were two facts thoroiiglily recog- 
nised some five hundred years B.C., and yet it was 
not till some fifteen hundred years later that the 
discovery was made that if the magnet was sus- 
pended b}" a thread it took up a position pointing 
north and south ; and that it took up this position 
at no matter what part of the earth the experiment 
was made. From this peculiarity it received the 
name of the loadstone. The importance of this 
discovery on navigation need scarcely be pointed 
out. 

The next great discoveries were those made by 
Dr. Gilbert, in England, published at the end of 
the sixteenth century. He showed that the pro- 
I)erty which w^as supposed to be peculiar to amber, 
when rubbed, was common to a large number of 
other bodies, notably to glass, most of the precious 
gems, sulphur, resin, etc. ; in fact, to those bodies 
which are now known as non-condiictor.s. But 
though the effects obtained from these bodies were 
perfectly distinct, still they w'ere necessarily ex- 
tremely feeble. It now became important to 
exaggerate these effects, and this object wms suc- 
cessfully accomplished by Otto Guericke, who 
mounted a large sulphur ball on a spindle, winch 
was turned by one person while another held his 
hands on the revolving sulphur ball. The neces- 
sary energy in the form of friction was thus sup- 
plied for the production of electricity, and when 
the machine was worked in a dark room a series of 
sparks was given off from it. This frictimial 
machine was subsequeutly modified and consider- 
ably improved ; but the most that could be got out 
of it was a series of sparks more or less bright, 
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which could be made to pass between two points 
or knobs, one of which was attached to the 
rubbing, and the other to the rubbed, surface. 

All that these machines were capable of doing 
could, however, be done very much better by the 
class which succeeded them, namely, mjiueme 
machines. The action of this machine depended 
on a principle entirely distinct from that of the 
frictional machine ; and in respect of the bright- 
ness and length of the sparks which could be 
obtained, the influence was in every way superior 
to the frictional machine. 

These machines undoubtedly showed an advance 
in the science of electricity, and it might even be 
said that the spark obtained from them was the 
original form of the electric light; but when looked 
at from a commercial standpoint, it must be con- 
fessed that the electrical machine, as it then existed, 
was nothing better than an interesting scientific 
plaything, highly dangerous to ordinary mortals, 
and not quite safe in the hands of those who under- 
stood it best. It supplied intermittent electric 
currents forming sparks, but the supplying of a 
continuous current, no matter how weak, was a 
task utt^eiiy outside its scope ; and it was the solu- 
tion of this problem— how to supply a continuous 
current — that has made the names of Galvani and 
Volta so familiar to everyone who takes any in- 
terest in eleotricity. 

While experimenting with recently-skinned frogs’ 
legs, about the year 1785, Galvani discovered that 
if an iron wire which is touching the crural (leg) 
muscles is brought into contact with a copper wire 
which is touching the lumbar (loins) nerves, the 
frog’s leg gives a convulsive movement, and that it 
does this every time the wires are brought into 
contact. Galvani knew that this convulsive move- 
ment was due to electricity, but he failed to see 
from what source the eleotricity was derived. He 
attributed it to electricity inherent in the frog’s 
leg, and from this opinion he never wavered. 
Volta, however, fully recognising the importance of 
the discovery which Galvani had made, attributed 
the convulsive movement to its true cause, namely, 
electricity derived from chemical action ; and this 
point he proved in the year 1800, by constructing 
what is known as the VoltaiG inle. This pile con- 
sists of a series of discs of zinc and copper se- 
]Darated by wet cloth, and connected by two wires, 
one attached to each end of the series. When 
these wires are brought into contact a continuous 
current circulates through them, while a small 
spark is formed when the contact is broken ; the 
zinc is dissolved, and this slow combustion of the 
zinc furnishes the requisite energy for the supply 
of ^he electric current. A new form of electricity, 


in the shape of a continuous current, was now 
' available, and a new method of generating it, 
namely, chemical action. The Voltaic pile is, in 
fact, a true primary battery; and though it pos- 
sesses nearly all the faults which a primary battery 
can possess, still, it none the less marks an epoch 
in the history of electricity which cannot but be 
looked upon as the point from which the science 
began to make rapid progress. 

It wms introduced into England in the same 
year, 1800, and so rapid wms its development and 
improvement that four years later Humphry Davy 
was able to exhibit before the Royal Institution 
the true electric arc-light. After experimenting 
witR numerous substances, he found that he got 
the brightest light when charcoal points were used. 
He took two charcoal rods, attached one to each 
end of the battery, and brought them into contact. 
A strong current now flowed through them, and on 
separating the points to the distance of about an 
eighth of an inch, an intensely bright light was 
formed between the points. This luminous space 
is known as the are. This arc is composed of 
incandescent particles torn olf from the carbon, 
and conducting the current across the gap. It 
is so hot that it can melt the diamond, while it 
vaporises gold and platinum. When the arc is 
foimied in air the rods gradually wear awaj’, the 
arc grows longer, until the distance between the 
points becomes too great, when the arc ceases. In 
our modern arc lamps a special mechanism is used 
to adjust the distance between the points. 

The electric current heats everything through 
which it passes. If we take a carbon filament, 
and pass a sufficiently strong current through it, it 
will first be raised to incandescence, and then 
oxidised and quickly burnt away. But if we 
enclose the filament in a vacuum, and perforin the 
same experiment, the result will be different. The 
filament will still be I'aised to incandescence ; but, 
there being no oxygen present, it will not bum 
away; in fact, it will last for some thousands of 
hours, giving a bright light during the whole time 
that the current is being sup>plied to it. This 
latter , type is known as the mcandesccnt lorn)). 
It usually gives from eight to twenty-candle power, 
while the arc light usually varies between five 
hundred and three thousand. We are thus able to 
obtain heat from the electric current, and, as might 
be supposed, the converse proposition also holds 
good— that is, fro7n heat ^^ropcrly applied to a 
mitaUe armngmmit we can oUain electric currents. 
The discovery of this fact was made by Seebeck 
about the year 1822. He found that, if he heated 
the point of contact of two dissimilar metals, and 
brought their other ends into contact with an 
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instrument capable of indicating the presence of a 
current, a current was actually generated in the 
circuit. This current lasted as long as the tempera- 
ture of the heated junction was kept above that of 
the remainder of the circuit, anct its strength 
depended within limits upon the difference of 
temperature of the two portions ; its strength also 
depended upon the metals used. Bismuth and 
antimony form an admirable pair ; the direction of 
the current through the heated junction being 
from bismuth to antimony. The 'necessary energy 
for the production of the current is supplied by the 
lieat absorbed at the hot junction of the two 
iuetals, and the currents thus generated are known 
as thermo-electric ewmifs. Much good work has 
been done by means of thermo-electricity, and even 
at the present day there are some telegraph lines 
being worked by means of it ; but it cannot be 
said that the progress which has been made in it 
can in any way com]pare with that which has been 
effected in some of the other branches of the 
science. Suggestions have often appeared for the 
utilising of the spare heat absorbed by our common 
fire-grates, but up to the present no practical 
method has been devised for doing this in a satis- 
factory manner. 

Very soon after the construction 6t the Yoltaic 
pile it was discovered by Carlisle and Nicholson 
that if a current was passed through acidulated 
water, it decomposed some of the water into its 
constituent elements, oxygen and hydrogen. These 
elements were given off in the form of gas from the 
two surfaoes—where the current entered and where 
it left the liquid— the oxygen from the former, 
and the hydrogen from the latter. On further 
investigation it was found that nearly all the 
solutions of metallic salts and acids, behaved in 
a somewhat similar manner. This phenomenon has 
received the name of electrolym, and the liquids 
which can he thus decomposed are called electro- 
lytes. If a solution of sulphate of copper— blue 
vitriol — is subjected to electrolysis, the reaction 
which occurs is simple and interesting. Let us 
suppose that the current is being led into and out 
of the liquid by means of platinum plates— platinum 
is used for this purpose, as it is not acted upon by 
any acid, nor is it easily oxidised. When the 
current passes, the liquid is decomposed, and 
copper is deposited on the plate which leads the 
current out of the liquid. If this process is con- 
tinued for a sufficiently long time, and the copper 
■suliffiate solution is not exhausted, a thick coating 
of pure copper will be deposited on the platinum 
plate. This coating of deposited copper will fit 
into, and fill up, the most minute inequalities which 
may exist on the platinum plate, and if it can be 


afterwards removed from it, it will be a reproduc- 
tion, accurate to the most microscopic detail, of the 
plate on wliicli it was deposited. The plates which 
lead the current into and out of the liquid need not ^ 
necessarily be xjlatinum. Any other substance 
through which electricity can flow, and which is 
not decomposed by the liquid, will answer quite as 
well, and the result will be exactly the same ; so 
that all that is necessary, in order to obtain au 
electrotype from any article, or to plate it with a 
coating of copper, is to substitute it for the platinum 
plate, and subject it to the above-described process. 
In a similar manner gold, silver, platinum, nickel. , 
iron, zinc, brass, etc., can all be deposited from 
their proper solutions, and, though each ixirticular 
metal raa-y require many special precautions to ho 
taken, in order to insure satisfactory results, still 
the one leading principle just described governs 
the deposition of all. The electro-plating industry 
is necessarily the outcome of Volta’s discovery, 
though the introduction of the dynamo-machine 
for the supply of large currents is fast driving the 
Yoltaic cell out of the market for this particular 
purpose. 

YTih the science of electricity in the condition 
just described, many attempts were made to utilise 
its properties for conveying signals from place to 
place ; in other words, for conveying messages by 
means of telegraphy. It was possible to send a 
current along the metal line joining any two 
stations, but the difficulty which was experienced 
was to devise some apparatus by means of which 
the signal sent at one station could be translated 
into an intelligible form at the other. This is now 
done by means of electro-magnetism ; but the 
connecting link between the electric current and 
the magnet liad not been discovered at that time, 
and the principle of the electrolysis of water 
appeared to be the most suitable method for attain- 
ing the desired object. The two stations were 
connected by means of twenty-six wires, the ends 
of which dipped into separate vessels containing 
acidulated water. If an electric current was sent 
along any one of these wires it decomposed the 
water in the cup into which that wire dipped, and a 
quantity of gas was consequently evplved from that 
cup. If each of these cups represented a letter of 
the alphabet, it . is clear that by sending currents 
along the proper wires, in the X-)5*oper order, a word 
could be spelt and signalled between the stations. 
Telegraphy under these circumstances was not to be 
thought of, and before any simplifications could be 
introduced to reduce its expense, the discovery 
of electro-magnetism provided a more rapid, less 
costly, a.nd less complicated means for doing the 
same thing in a much more satisfactory mawer. 
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® The above method is due to Sommering, of Munich, 
and was proposed by him about 1811. 

Some connection had long been supposed to, exist 
^ between electricity and magnetism, and though 
many experimenters had searched for the connect- 
ing link, it was not till the year 1819 that it was 
discovered by CErsted, of Copenhagen. He took a 
magnetic needle, and delicately pivoted it so that 
it took up a position pointing north and south. He 
then took a wire through which a current could be 
sent from a Voltaic cell, and held it directly above 
the needle in the direction of its length. On 
^starting a current in this wire the needle was 
immediately deflected from the position it originally 
occupied, and turned through a ceitain angle de- 
pending upon the strength of the current, and it 
retained this position as long as the current flowed 
in the wire. If the wire had been placed immedi- 
ately beneath the needle instead of above it, and 
the current sent in the same direction, the deflec- 
tion would have been to the opposite side ; but if, 
while the wire was in this position, the direction of 
the current had been reversed, the deflection of 
the needle would have been the same as in the first 
case. Combining these results it is clear that if a 
wire through which a current is flowing is carried 
above the needle, and then bent so as to pass back 
beneath it, both portions of the wire will tend to 
make the needle deflect in the same direction, and 
this tendency will be double that which either 
portion of the wire alone would exert. This prin- 
ciple was carried a step further by Schweigger, 
who wound a wire into the form of a coil and 
.placed the pivoted needle at its centre. The force 
of the current on the needle was thus multiplied 
by the number of times which the wire was made 
.to pass round the needle, ix., by the number of 
convolutions of the wire in the coil. This, instru- 
ment is known as Schvetggcfs mnlUjpller, This 
•experiment clearly showed that some force, due to 
the existence of a current in the wire, was acting- 
on the needle, and endeavouring to make it take up 
a position at right angles to the direction of the 
wire. This instrument of Schweigger’s provided the 
.first simple means for measuring the strength of a 
current, and wms the embryo form of the galvano- 
meter. Now for the first time we have a simple 
way of translating messages sent along a wire in the 
■ form of an electric current from one place to another. 
Let us suppose that we have one of Schweigger’s 
.multipliers at one end of a line joining two places. 
If a current -is sent along that line and passed 
through the multiplier, it will deflect the needle in 
a certain direction, and if the current is passed 
through in the opposite way, the needle will deflect 
in ^he other direction. It now only remains to 


•make up a code in which combinations of the 
deflections of the needle one way and, the other 
shall represent particular letters of the alphabet, 
and we have a readj^ means of spelling out the 
words in accordance with this code, and of trans- 
mitting messages which, shall be intelligible at the 
receiving station. The apparatus required for this 
system is inexpensive and simple when compared 
with that required for doing the same work by 
means of electrolysis, and the rapidity with which 
messages can be sent by a shilled operator is very 
much greater. .A speed of forty words per minute 
can easily be obtained on a land-line by means of 
the, hand, while a speed of four hundred or even 
five hundred words per minute is not considered 
high if the message is sent automatically. The 
distance which a message can be sent is practically 
unlimited, and a single line is all that is necessary 
to connect the two stations ; in fact, two, four, or 
more messages can be sent along the same line in 
both directions at the same time by the apparatus 
which is now in use, without in any way interfering 
with one another; and whaf is more surprising 
still, these telegraph lines can also be utilised for 
conveying telephonic messages. Without any 
further great discoveries in electricity, telegraphy 
in a commercial form was undoubtedly possible, 
but it is equally certain that it never could have 
attained the prominent position which it now holds, 
had it not been for the discovery which almost 
immediately followed the one which has rendered 
(Ersted’s name famous ; this was a rapid and easy 
method for magnetising iron. 

The first suggestion for utilising (Ersted’s dis- 
covery for telegraphic purposes appears to have 
been made by Ampere in 1820. He proposed to use 
twenty-four pivoted needles, which were to be 
acted upon and deflected by twenty-four currents, 
each, requiring a separate conducting wire. Stein- 
heil, of Munich, seems to have been the first to 
construct a code or telegraphic alphabet, in which 
each letter is represented by some combination of 
two elementary signals, and in 1837 he pointed out 
the important fact that it is unnecessary to use two 
wires to convey signals ; a single wire connected to 
the earth at both ends answers quite as well. He 
also invented a method of printing the message 
sent on a strip of paper, and to him is due the 
establishment of the first telegraphic system of 
communication on the Continent. 

Many attempts had previously been made to 
magnetise iron and steel bars by passing currents 
in various ways- through them, all of which failed ; 
but QSrsted’s grand discovery gave the clue as to 
the i^roper way to do it. In the same year that 
his discovery became known, both Davy and Arago 
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solved the problem of how to magnetise an iron or 
steel bar by means of a current. Instead of pass- 
ing the current through the bar they wound a wire 
in the form of a spiral round it, and sent a current 
through this wire. The bar forthwith became a 
powerful magnet, and in the case of iron, when the 
current ceased, the bar immediately lost its ma,g- 
netio properties. The magnets, which can be thus 
made, are far more powerful than an}' which can 
be made by any other known means, and what is of 
far more importance, they are perfectly under 
control, practically losing their magnetism at the 
same instant that the current stops. A magnet of 
this form is called an eleGtro-magnet, and much 
credit is due to Sturgeon for the various improve- 
ments which he made in it. The value of these 
improvements wall be better appreciated when w^e 
consider that there is scarcely a piece of electrical 
machinery at present in use wdiich does not con- 
tain as one of its vital parts the electro-magnet in 
some form or other. Dynamo-machines, arc-lamps, 
motors, electric-bells, telephone transmitters and 
receivers, fire-alarms, and telegraphic receivers, all 
contain in a more or less disguised form the electro- 
magnet. It is an instrument so absolutely under 
control, and, when well designed, so capable of 
exerting great force, that we may look upon the 
time of its introduction as the date which marks 
the origin of electrical engineering proper. An 
electro- magnet is usually made by taking a coil or 
bobbin of wire through which a current is flowing, 
and introducing apiece of iron into it so as to 
form a core. The whole arrangement then acts 
in every respect like an ordinary magnet, but its 
strengtii depends upon the strength of the current 
■ and the quality of the iron. The direction of the 
current in the coil determines which end of the 
iron is to be the north and which the south pole. 
If the direction of the current is reversed, the 
polarity of the iron is reversed at the same moment. 

It is found that either tw'o north or two south 
poles will repel each other, whJe a north and a 
south always attract. Dealing with an electro- 
magnet, it can thus be made either to attract or 
repel the pole of an ordinary magnet placed near 
it, by making the current circulate in the proper 
direction through the coil. Can anything, then, be 
simpler than to construct a machine in which the 
pole of an ordinary magnet is placed near that of 
an electro-magnet, and is attracted and repelled 
alternately as the current is reversed in the coil ? 
A reciprocating motion of the magnet is thus pro- 
cured, which is precisely similar to that which 
takes place in the cylinder of the ordinary steam- 
engine ; in a like manner, therefore, it can be made 
to do useful work by a suitable system of gearing. 


A machine of this kind is called a motor, and the 
principle just described apf)lies to the construction 
of every type now in use ; but it must be clearly 
borne in mind that an electro-magnet can in every ^ 
case be substituted for an ordinary one, and usually 
wuth advantage. In modern machinery of this 
kind, the ordinary or permanent magnet has be- 
come nearly obsolete ; the electro-magnet possesses 
such enormous advantages over it that it has 
almost entirely taken its place. 

Jacobi, of St. Petersburg, constructed an engine 
of this kind in 1834, and five years later he pro- 
pelled a boat by its means. Henry, in 1831, and^„ 
Ritchie, in 1833, also constructed engines on the 
same principle, and though tlie attempt was made 
by many to construct one which would be a commer- 
cial success, still their efforts ail met wuth the same 
fate— complete failure. There were many highly 
ingenious pieces of apparatus constructed, but they 
never got beyond the stage of being interesting 
working models. As a matter of fact, it would 
have been impossible for their efforts to have 
ended in anything but absolute failure. Tiie 
reason is not far to seek. In order to construct a 
powerful electro-magnet, which is absolutely essen- 
tial for a powerful machine, a strong: current is 
necessary. This current was supplied by the con- 
sumption of zinc in the Voltaic cell; in other 
words, zinc was the fuel which was consumed or 
burnt up in the cell in order to supply the current 
to the motor. Let us compare it with the fuel 
which is consumed in order to supply steam to the 
steam-engine. A pound of coal is capable of 
doing about four times as much woi’k, when burnty 
as a pound of zinc, and zinc is about fifty 
times as dear as coal; therefore, for the same 
amount of money, we can get about two hundred 
times as much work from coal as from zinc. This 
is on the supposition that both methods of working 
are equally efficient; but it is found in practice 
that the electrical method of consuming the fuel 
has an advantage of about four to one, which leaves 
a final advantage of about fifty to one in favour of 
coal in the steam-engine against zinc in the celL 
It was clearly impossible that the electric motor, 
under the then existing circumstances, could ever 
compete commercially with the steam-engine. This 
was the all-important point which the experi- 
menters at that time did not realise. The one 
thing that was wanted in order to render the 
solution of the problem possible was a cheaper 
method for generating a current. This the pro- 
gress of the science has now supplied by the 
evolution of the dynamo -machine ; and the suc- 
cessfiiV application of the motor 'in the industries 
has now become an accomplished fact. 
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PHOTOGRAPHY. — I. 

By T. C. Hepworth, F.C.S. 
INTKODUCTIOJSr. 

With the history of the art of photography we 
shall not attempt to deal in these pages ; but will 
devote our attention to the practical side of the 
question, and shall endeavour to afford such 
practical instruction in photographic work as will 
enable anyone to pursue it whether his ahmo.t Ha 


with a lens fixed in the larger one. This instru- 
ment, it need hardly be said, was unnecessarily 
cumbersome, but it stood its ground till as late as 
the year 1854, when the first great improvement 
came in the introduction of the leather bellows 
camera body in lieu of the heavy wood. This at 
once gave the camera lightness and portability, 
and from this time improvements rapidly fGllowed. 
Indeed it might almost be said that improve- 
ment in recent years has been over-elaborated: 
for the modern camera has too many movements ; 
moreover, the lightness of the instrument has, for 
the sake of tourists, been carried so far that 
many of the cameras now sold will not stand 
much knocking about. Tlie introduction of alumi- 
nium fittings instead of the heavy brass previously 
employed was a valuable improvement. Aluminium, 
bulk for bulk, is about one quarter the weight of 
brass, and when ib is made to replace the latter in 
the metal parts of a whole plate camera, and also 
for the mounting of the lenses, it makes a differ- 
ence of about one and a half pound in the total 
weight of the instrument. 

But although we consider that modern cameras 
are many of them too complicated, there are certain 
movements which, in a perfect instrument, ought 
not to be dispensed with. One of the principal of 
tliese is the rising front, which consists of a plate 
of mahogany inserted between grooves in front of 
the camera, as shown in Fig. -1, upon which the lens 
flange is screwed. This rising front can be set at 
any height by means of a fixed screw with a milled 
head, but in some cameras it remains fixed in any 
position in which it may be placed by the action of 
spring clutches. Some cameras have a similar 
arrangement for giving a lateral movement to the 
lens, but this is of far less importance. 

Another important adjunct to the photographic 
camera is the attachment of a swing-back. This? 
will permit the groove which holds the ground 
glass screen, or the back containing the sensitive 
onr own plate, to be inclined so that the surface can be 
^ht— and fixed at an angle with the base of the instrument, 

within a It is also possible with most modern cameras to 
inverted give this back a horizontal as well as a vertical 
swing, and occasionally this latter movement is of 
^eresting extreme use. In the annexed illustrations two 
of view, forms of swing-back are represented. Fig. 2 is of a 
rk. Nor form very much older than that sliown in Fig. 3, 
n would but for all this it is the better form, because the 
7 much swing is from the centre and not from the bottom, 
f proper as in Fig. 3. 

As an example of the use of the vertical swing 
eminent we may instance the extreme case of a sitting 
ires are figure posed for a portrait in such a way that the 
another head is at a distance of two feet further from the 



impossible case. It is obvious to the merest tyro 
that the nearer an object is to a camera the farther 
must the sensitive plate be from the lens, and vice 
versa, so that in the case before us if the back of 
the camera be kept strictly vertical, either the head 
or the feet of the sitter must oe terribly out of 
focus. But by help of the swing-back, we can so 
incline the plate tlia,t its top, upon which the image 
of the feet will be cast, is much farther from the 
lens tlmn its lower part, upon which the image of 
the head is received. The same advantage is found 
in photographing an expanse of country where the 
foreground objects are necessarily much nearer to 
the lens than any of the other elements which go 
to make up the picture. 

With regard to the side, or horizontal swing, it is 
found useful in such a case as the following. Let 
us suppose that a view is required, at some sea-side 
place, of a portion of the coast bordered by houses 
facing the beach, and that we want to take a view 
of the houses at one side with a glimpse of the sea 
at the other side. Now it is evident, that in order 
to focus the houses near at hand, the camera would 


The swing-back acts the part, in fact, of a small 
diaphragm placed in the lens, and it is obvious that 
there must arise circumstances under which the 
insertion of such a diaphragm would be incon- 
venient. Thus it might be quite possible, and very 
probable, that in the case already quoted the beach 
would be crowded with a number of moving figiire.s 
which could only be secured in the photograph by 
a very quick exposure ; such an exposure would be 
out of the question if the various parts of the 
picture were brought into focus by the use of a 
small diaphragm instead of by the judicious employ- 
ment of the swing-back. 

There are two forms of camera bellow.s, one 
being square, and the other conical ; we prefer tlie 
former, because it sometimes happens that if the 
other form be used while a wide angle lens is 
employed, the inside folds of the bellows will cut 
off some of the light which passes through the lens, 
thus robbing the picture- of part of its foreground, 
sky, or side. The bellows should be long enough 
to enable the photographer to use long focus lense.s, 
and this is one of the important points that must 
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lens than the feet. Any experienced photographer 
would of course avoid such a method of posing his 
sitter, and would do his best to keep the various 
parts of the subject more in one plane ; so that we 
suppose, for the sake of illustration, an almost 


require to be drawn out farther than if we merely 
wmnted to photograph the distant ones ; but as we 
require to obtain images of both on the same plate, 
the horizontal swing-back will come to our assist- 
.nnce and we shall be able to get both into focus. 
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puuo cau Pia .s u.ol.l open out to about 14 inches 
aucl a wholo-plate one to at least 2 feet other 

ex-tondiug in proportion to the aSf orfhe 

plate which they are designed to take. 

The camera chosen should be square at least in 
cameras intended for out-door work, and it sS d 

have a reversible back, that is to ^ the feme 

viS r “iTto r ^ '-^Vhcrizontally 

that 1 length, or vertically; so 

that a andscape, which has its greater lenoth 
^isually horizontal, can be taken at ona mome^ 

SionTo rec”“''"H screen into 

fchirb t. an object as 

a clnnch tower, where the greater length of the 

Pirture will be vertical. Up to within recfnt timt 
cameras were not made square, and the change 
between a horizontal or a vertical subject Ld to be 
made by unscrewing the camera from its stood Id 
attaohmg it once more by one of its sides. ’ 




ingenious roll holder devised by the Easlnmt, 
Company, which will presently be dlsoribej « 
eabily be surpassed. Other methnrU i 
plates have Ln deviser b^t u 




wort- to toe camera for out-door 

^loik IS shown at Kg. 4. This is a metallic lens 

J an7re“ T fastened above the lens 

toe top ortho 

■ P or the camera while travelling. When tbo 
fun IS in front of the camera a shadoof to kfe 
i. a necessity to preumt the light entering the hS 
oftheiens. lathe absence of some such contrivanS 

S. 5«;” ' •» “■ "« p-o o( 

ore t!’ T T sensitive plates. These 

most 11 °°' ^°™ perhaps represent the 

Wht piierally convenient method of exposinfr 

we do not lose sight 
ic^act that, for rollable films of celluloid, the 



A camera intended for studio use is of nnmli 
more solid form and a very much larger size than 
that generally used for out-door woto. Of £" 

a tendency to increase, for large heads taken direct 
have recently come into vogue ; there has afe J!eet 
endency to large portraiture generally as is 

A stodiVca exhibitions. 
more I n? ^®<J“h-es <a support of far 

tosfemS° toan the tourist form of 

instrument. Such a camera stand should easily 
^ ove about the studio on wlieels ; it should have 
the property of being rapidly raised and lowted to 
different heights, so as. to bring the lens into feht 
^sition with regard to various sitters, and it feho^d 

Messrs tv f introduced by 

Messrs. Watson, which fulfils all these requirements 
li shown in the annexed woodcut (Fig 5) 

For out-door work the familiar tripod stand holds 
Its own and is likely to continue to do so. Properly 

weight, IS light 111 weight itself, and will fold un 

;2sr"r'‘r" 

this W Tf v"‘ “ 
his loose part -is dispensed with by famishing 
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the camera itself with a metal turntable, like that 
shown in the annexed figure (Fig. 6), to which the 
tripod legs can be attached direct. 

A distinct advance in tripod heads is the form 


New'ton inaniifactiire a stand, ' fitted with this 
patent top, which is wholly,, made of aluminium, 
and which therefore combines extreme lightness 
with suificient strength. 








Yv ATOH AND CLOCK MAKING-.—: 

By David Glasgow,' 

Vice-Presideut of the British Horological Institute, 

■ ■■'■WATCH MOVEMENTS. 


invented by Mr. J. J. Elmer, and made by Messrs. 
Newton (Eig. 7). The use of this top enables the 
photographer to level and clamp his camera rigidly, 
without troubling himself about the position of 
the three legs. The inventor describes the ap- 
paratus as “a plano-convex section of a sphere, 
working in an annular section of a sphere.” The 
latter forms the tripod head, and the former the 
movable support for the camera. On the axis of 
this moving piece is a hollow screw, through which 

passes the fix- 

(Eig.' 6) the in- 
ner movable support is shown of solid wood, 
but an improvement has been introduced in the 
employment of aluminium, of which the rest of the 
apparatus is made. We may mention that Messrs. 


The word “movement” is a technical term 
0^1 employed by watchmakers to, denote the- 
rough blanks or frames, wheels, pinions, etc., 
and does not mean, as tlie ’^vord would seem 
to imply,, the machine in any stage of motion 
/'Yyf or action, but it certainly is the foundation 
on which the machine is built. 

It may therefore be thought that tech- 
nological lessons on watchmaking should 
begin with a description of watch-movement 
, making, and a century ago that would have 

been necessary, as the early w-atchmakers 
made their own w'atchcs from the beginning 
[j^‘ to the finish; but it was found that by a 
division of labour the first part could be 
made by less skilled workmen than the 
men who completed the watch, and con- 
sequently at less cost. Movement-making 
therefore became a separate branch of watchmaking 
and almost a separate trade, as movement-makers 
were not watchmakers, and watchmakers could not 
make their own movements. 

When these facts became acknowledged and 
acted upon, the natural advantages of Lancashire 
and the aptitude of the tool-makers and mechanics 
of Prescot secured for that locality the trade of 
watch-movement making, and until the last fewyears 
the movements of all the watches manufactured 
in London, Coventry, and Liverpool were made in 
Prescot and the districts adjoining it. The develop- 
ment of the factory system in England has made 
con.siderable changes in this, and now most of the 
factories make their own movements, at least tho.se 
for the lower grades of watches. The movement 
consists of the rough mechanism of the watch, or 
those parts of it that could be made by machineK 
more or less complicated, such as the plates or 
frames, cocks, bars, screw^s, wheels, and ifinions. 
barrel, and fusee, if the watch is to have one, and now 
the chief part of the keyless works is considered a 
part of the movement. There were formerly a good 
many movement-makers, and as each one had his 
own notions of how a watch should be made, there 
was more variety than scientific proportions in the 
watches of different makers ; some few watchmakers 
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hypocycloid or acting part of the tooth of the 
follower should be inside its pitch circle, in order to 
ensure a proper action. 

The same sized rollers must be used for tracing 




Pig. 1 ,— Genkeating Ciecles for Epicycloid and Hypocycloid. 


the epicycloids and hypocycloids of all wheels and 
{unions gearing together, when the curves traced 
will always intersect at the point d in the generat- 
ing circle D ; in whatever position the teeth may be 
with regard to one another, the hypocycloid will 
alwhys be tangential to the epicycloid at that point 
of contact, the wheel and pinion will both travel at 
the same speed and with the smallest possible 
absorption of power, and the resistance will remain 
uniform throughout the lead, provided sufficiently 
high numbers are used to prevent all engaging 
friction. 


Although teeth |>rGperly constructed in this 
manner are practically the nearest thing to perfec- 
tion it is possible to attain, they have the clisfid- 
vantage of a slight rubbing friction on one another^ 
in receding from the line of centres ; and 
what are called involute teeth (he., teeth 
having the acting curves of the shape de- 
scribed by any point in a string un wound , 
off the circumference of a circle) were some- 
times used ill order lo prevent this, and 
where several pinions geared with the same 
wheel, in the old French turret clocks and 
train remontoirs ; but any advantage they^ 
possess in the saving of friction on the 
teeth is more than counterbalanced by the 
friction on the pivots caused by their 
obliquity and the squeezing pressure they 
produce, so that, although they are theoret- 
ically the perfect teeth, the surfaces rolling 
on one another throughout the contact 
without any rubbing friction, they are now 
looked upon as entirely useless. 

Helical Teeth . — Another tooth which has 
been almost, if not quite, discarded, is the 
helical or helix (so called from the resem- 
blance it bears to a spiral), whicli is a 
very good tooth in so far as with it the 
action takes place at the line of centres, but 
it is not suitable for watcli or clock W’ork, 
as it throws great end pressure on the op- 
posite arbors. 

Constniction of Wheel Teeth. — In the 
event of two or more pinions of different 
sizes gearing with the same w-heel, or with 
wheels of the same size as one another, the 
generating circle used in forming the teeth 
should not be larger than half the size of 
the smallest pitch circle, otherwise the 
pinion flanks would converge more than the 
radii and be too weak. In dividing off- 
wheels and pinions for the teeth, the ne- 
cessary freedom may be given by allowing 
one-fifth of the wddth of the leaf in the 
pinion for shake, the teeth and spaces in 
the wheel being equally divided. In tlie case of 
low-numbered pinions, as much as possible should 
be allowed for spaces, consistent wdth the strength 
of the pinion, in order to allow of a longer epi- 
cycloid to the wheel tooth, and so by getting a 
longer lead, to bring the action nearer to the line- 
of centres, and thus avoid the greater engaging 
friction which wmuld otherwise take place. 

The addenda or points of the pinion ieave.s 
beyond the pitch circle are sometimes of semi- 
circular and sometimes of an ogive form (the 
epicycloid of the tooth is conunonly calleu the 
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ogive, from its resemblaiice in shape to the Gothic 

vault). Although theoretically addenda of any 
shape are imnecessary, the latter is a very good 
^ shape for the points of the teeth, as with it a safe 
depth is ensured, which is a matter of great im- 
portance in practice ; and although high-numbered 
pinions would work very well for a time without 
addenda to the teeth at all, the depth would soon 
become too shallow from the wearing of the holes 
when not jewelled. 

In sectoring the wheels and pinions of watches 
and clocks, it is found best to allow a shade more 
fl^for the size of the wheel circle in proportion to that 
of the pinion, in order to secure a good “ lead,*’ as 
it is called, and to prevent any engaging friction 
or butting that might occur from the teeth not 
being quite accurate as to size or shape ; the wheel 
by thus travelling a little faster than the pinion 
carries the pair or set of teeth that are in action so 
far beyond, that those approaching one another do 
not come in contact until they are at or near the 
line of centres. 

Professor Willis, who, in his “Principles of 
Mechanism,” has clearly expounded the theory of 
depths and the shapes of wheel teeth, has shown 
that no pinion of less than eleven leaves is entirely 
without engaging friction, though a well-sized 
pinion of ten comes into action so near to the line 
of centres that it is hardly perceptible, and there- 
fore no pinion of less than ten should ever be used 
in machinery as a follower where it can be avoided, 
i except the lantern pinion. 

In gauging wheels and pinions round holes should 
be used as sizes where practicable, as the full 
diameter cannot be measured on a slide gauge if 
the teeth are not immediately opposite one another ; 
and it should be remembered in dep thing wheels 
and pinions that it is the circles of the wheels 

and pinions, and not the full diameters, which are 
proportional to the number of teeth contained in 
them, so that allowance must be made for the parts 
beyond the pitch circles, which vary with the width 
of the teeth and the size of the generating circle 
used in tracing them. 

In the train wheels of clocks and watches the 
full diameter is about 3*75 per cent, larger than the 
pitch diametex*, and in high-numbered pinions the 
diameter is increased from 11*25 to 12 per cent., 
according to whether the addendum used is semi- 
cireular or epicycloidal. Thus, with a wheel of 60 
and a pinion of 10 (in accordance with the rule 
given that the numbers of teeth of wheels and 
pinions are proportional to their pitch circles),; the 
distance between the centres would be 70 arid the 
diameters of the pitch circles 60 and 10 respective!}" ; 
then® the full diameter of the wheel would be 62*25, 
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and that of the pinion 11*125, if its addenda were 
semicircular, or 11*2 if epicycloidal. • 

The flanks of wheel teeth are usually either 
parallel to each other or radial, and in order to free 
the addenda of the pinion, are cut within the pitch 
circle. The spaces are usually cut square to the 
bottom, but they should, where there is much stress 
upon them, be left rounded at the base of the tooth 
for strength, as in the great wheel of a modern 
English watch, which might otherwise strip its 
teeth in the event of a sudden strain taking place, 
such as the mainspring breaking or the winder 
being turned the wrong way. 

Very small pinions should not be cut with radial 
flanks, or they would be too weak, and they should, 
where there is room, have the corners at the bases 
of the teeth left rounded as above. The teeth of 
all drivers, whether wheels or pinions, should be of 
epicycloidal form, and those of all followers of 
hypocycloidal. 

Wheels and pinions that are to act alternately as 
drivers and followers should have their teeth as 
full as possible, of epicycloidal form, with the points 
taken off. 

The pinions of all the better sorts of clocks, like 
those of watches, are cut in an engine, those of the 
common ones being made out of pinion wire 
wire drawn through a plate which forms the 
leaves, which are afterwards partially turned 
oft to form the arbors), some of the best pinions 
being drawn first and finished afterwards in the 
engine. 

Bevelled wheels are used in modern turret clocks 
for changing the plane of motion of the flies, 
hands, etc., and in the winding work of keyless 
watches. The angles made by the teeth with their 
arbors should be inversely proportional to the length 
of the arbors when produced till they meet, and 
every part of each tooth should converge to this 
point as if its acting surface were generated by a 
cone, as it should be theoretically. As in plain 
wheels and pinions, their pitch diameters are pro- 
portional to the number of teeth they contain. 

In watch work bevelled pinions are seldom @r 
never formed correctly, the teeth being formed by 
one cutter, which cuts the spaces out the same 
width throughout, instead of tapering them, as they | 

should be, and consequently the teeth (even if they ? 

are cut at the right angle, which they seldom are) i 

only touching at the extreme points; but as they \ 

are only used for the winding work, and are only in v 

action for a short time, not much attention need ; 

be paid to this, the main object being to get a good t 

depth and a" smooth action, and this will be best i 

secured by attention to the shape of the teeth and ! 

to their angle with regard to one another. ! 
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In keyless mechanism, the rooking bar should 
always, where possible, be next to the plate under 
the great winding wheel, as this will allow of a 
larger diameter for the pinion, and any inequalities 
in the action through the teeth being cut the wrong 
shape, etc., will be less felt, and the wear on them 
will not be so great. 

In Fig. 2 is shown a pinion E B F, the diameter of 




k 




— sin j 

-s 


whose pitch circle is two inches, gearing with a 
wheel D c E, whose diameter of pitch circle is four 
inches ; the arbm-s being produced till they meet 
A. The line A B measures two inches, 
AC one inch. Then the sum of the 
, A B : the sum of the angles c A e, E ab : : 
c A : E A B. And in order to find 
the wheel ought to be cut, we have 
by trigonometry 

ta«.CAE = g = ^-| = i=C3’2G'; 

or, tan. B A E = ^ ^ =«= 20“ 34^ 

AB AB 2 

Or a sketch similar to Fig. 3 may be drawn to 
scale, and the angles measured off by means of a 
protractor. 

Those who wish to study the whole theory of 
wheel teeth and their construction cannot do better 
refer to the exhaustive treatise on the subject 
Sir G. B. Airy, in Tol. II. of the “ Cambridge 
Transactions,’^ 

The rules here laid down for the proper formation 
of the wheels and pinions of keyless watches 
(although quite correct) have been found so diffi- 
cult to carry out, that the practice now followed 
in English watches is to gear the wheel and pinion 
right angles to each other, and if the pinion is 
cut rather hollow towards the centre, and the teeth 
of the winding wheel sloped off on the under side, 
so as to be about half the thickness of the wheel at 
the points, they make a very smooth winding, and 
with the advantage that any wear brings the pinion 


THE , STEAM ENGINE.— I. 

Bv Archibald Sharp, B.Sc., ,Wh. Sc., A.M.I.C.E. 

Instructor in Engineering Design at the Central InMiiutlon of 
the City and Critilds of London InsHtitte. 

INTRODUCTION. : ' ■ ■ * ■ 

It has long been a well-known fact that if water 
be boiled in a closed vessel the steam generated 
maybe caused to do mechanical work. What is 
frequently referred to as the first steam 
engine is due to Hero of Alexandria, and 
is of date 130' b.g. It. consists of a hollow 
sphere (Fig. 1) .supported . on two tubular 
j' trunnions, which give communication be-^ 
I tween the interior ' of the sphere and a 
I boiler. Twm short bent pipes are attached 
i to. the sphere at the ends of a diameter at 

- — - g right angles to the axis o.f the trunnions., 

-- — These short pipes are open at each end 
I and therefore give communication bet%veen 
I the inside of the sphere and the open air. 

I On a fire being placed beneath the boiler, 

; steam is formed and passes up through the 
tubular supports into the interior of the 
sphere. Thence it issues by the two bent pipes, 
and the sphere being free to rotate on the trun- 
nions, the reaction of the escaxring steam causes it 
to turn. 

It is interesting to trace the development of the 
steam engine from this crude beginning, and to 
notice the improvements effected by Worcester, 
Savery, Newcomen, Watt, Trevethick, Stevenson, 
until we arrive at the forms in which we find it at 
the present day, W'ant of space prevents us giving 
a history of the steam engine. In these lessons we 
will describe the essential parts of typical modern 
steam engines, and explain, as clearly and fully as 
space permits, the principles involved in their 
working. 

The description of the boiler’’ in which the 


steam is generated will he given in a later lesson. 
Fig. 2 is a longitudinal section through the cylinder 
and valve chest of a steam engine of the most 
frequently occurring type ; Fig. 3 is a transiverse 
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section ; Figs. 4 and 5 are^ side elevation with the piston is in the cylinder they press outwards 
valve chest cover removed and end elevation * ■ - - - ^ outwaids 


-5 oi o 7 ”7'’ re- ngainst the walls of the cylinder by virtue oFthpii- 

. S“S. obiriow ft. “• tuft. .?«a t 

^ bteam pipe s P, and trifle smaller in diameter than the evhhriAr 'i 


a 

diameter than the cylinder. To 
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from there it passes through the steam port Sj to 
the inside of the cylinder c, and presses on the 
piston p, which fits closely in the cylinder. When 
the piston has been driven to the left-hand end of 
the cylinder, the steam in the right-hand end is 
allowed to escape by the steam port Si through 
the back of the ‘‘slide valve ”v to the “exhaust 
port” e, whence it escapes into the atmosphere or 
into the condenser. At the same time the slide 
valve uncovers the port s.^ and lets live steam from 
the boiler into the left hand of the cylinder. Thus 
the piston is driven from left to right, and similarly 
from right to left. 

The motion of the piston is transmitted to the 
outside of the cylinder by a “ piston rod ” b, which 
passes through the “ cylinder cover ” c c. In order 
to prevent steam leaking from one side of the piston 
to the other “ packing rings” p r are used. These 
are light split rings of cast iron or steel, which are 
spru]9g into grooves cut in the piston, and when the 


prevent steam leaking out of the cylinder where the 
piston rod passes through the cylinder cover, a 
“stuffing box” SB is formed on the latter. This 
bos is filled with packing wdiich is pressed tightly 
against the sides of the piston rod and of the 
stuffing box by the “ stufiing gland ” s G. The 
stuffing gland is screwed up tight by two studs and 
nuts. The packing in the stuffing box may be hemp 
steeped in tallow, for engines using low-pressure 
steam, say, up to 60 lb. per square inch. For steam 
of higher pressure, and therefore of higher tempera- 
ture, “ metallic packing rings ” are used. 

If the engine is to be used to turn a shaft, as is 
most usual, the end of the piston rod is attached by 
a pin joint to one end of a “connecting rod,” the 
other end of the connecting rod being attached to 
a crank pin which moves in a circle. 

The slide valve V is threaded, by means of the 
tube t formed on it, on to a “ valve spindle ” v s. 
The valve spindle has a reciprocating motion, which 
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is communicated to the slide valve, and thus the 
opening and closing of the steam ports and is 
effected at the proper time. There is a stuffing 






€ ■ 



Fig. lo. 

box and gland used where the valve spincne passes 
through the wall of the valve chest. 

The steam ports are rectangular in cross section, 
as will be clearly seen by referring to Fig. 4. Fig. 6 
is a view looking direct on the working face of the 
slide valve. The exhaust port ^is led to the side 
of the cylinder; the arrangement is shown clearly 
in Fig. 3. 

In Fig. 2 the piston and slide valve are both 
shown in their middle positions, but while the 
engine is working they are never in their middle 
positions at the same time. The outside edges of 
the slide valve are also shown overlapping the edges 
of the steam ports. In order to study the action 
of the slide valve, however, let us consider a slide 
valve with width of face Just equal to the width of 
the steam port (Fig. 7). In Fig* 7 the piston is 
shown in its extreme right-hand po.sition just 
beginning its stroke to the left. The slide valve 
should therefore just be uncovering the steam 
port ^1, and so allow the steam to pass from the 



boiler to the right-hand end of the cylinder. At 
the same time the port 5.3 is allowed commimicatioii 
through the back of the slide valve with the exhaust 
port 6’, so that the steam in the ■ left-liandr 
\ end of the cylinder is free to escape. The 
slide valve, it is easily seen, should therefore 
‘ be in its mid position and moving from right 
to left. Fig. 8 shows the piston in the mid- 
dle of its stroke from right to left. The 
right-hand end of the cylinder is fully open to 
steam, while the left-hand end is fully open 
to exhaust. The slide valve is therefore in 
its position of maximum displacement to the^ 
left and is just about to begin its travel 
from left to right. Fig. 9 shows the piston 
at the end of its stroke from right to left, 
and Just about to begin its stroke from left 
to right. The slide valve is again in its 
middle position and travelling from left to 
right, the steam supply to the port has 
just been cut off, and also the exhaust from 
port A,; wdien the valve has travelled a small 
distance past the position shown, steam is 
admitted to the port and drives the piston 
to the right, and the exhaust port e is placed 
in communication with the port .Vj, so that 
the steam in the right-hand end of the 
cylinder is allowed to escape. Fig. 10 shows 
the piston in the middle of its stroke from 
left to right, and the slide valve in its posi- 
tion of maximum displacement to the right. 
/ As the piston gets nearer the end of its 
' . stroke the slide valve' begins to move towaixls 

the left, graduallj^ cutting off the steam from 
the left-hand end of the cylinder and the 
exhaust from the right-hand end. When the piston 
reaches the end of its stroke to the right, the con- 
ditions are as shown in Fig, 7, and the cycle of 
operations is repeated. 

We have now to study the means of giving the 
slide valve the motion described above. If the 
connecting rod pc in Fig. 11 be long in comparison 
with the crank s c, that is, if the angle the con- 
necting rod makes with the centre line of the 
engine be small, the distance the piston has 
travelled from the right-hand end of the cylinder is 
approximately equal to do ch being the pro- 
jection on the centre line, of the crank pin centre 
C. And, with the same qualification, when the 
piston is at the middle of its stroke, the crank sc 
will be at right angles to the centre line sp. 

Let the motion of the sliaft be as indicated by 
the arrow (Fig. 11). Then if another crank s E of 
radius equal to half the required travel of the slide 
valve be fixed to the shaft one right angle in 
advance of the main crank s c, the slide valvC may 
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be driven from this crank by means of a connecting* 
link to the end of the valve spindle. Wigs. 12, 13, 14, 
and lo show the positions of the main and valve cranks 
^corresponding to the piston and slide valve positions 
shown in Figs. 7, 8, 9, and 10 respectively. 

In practice the crank pin at e is enlarged so 


much that it embraces the shaft. In Fig. 16 5 is 
the centre of the crank shaft Ji h, and e the centre 
of the slide valve crank pin. The crank pin is 
enlarged so that it includes the shaft /i7^, and it 
ma 3 T then be made a circular disc with a hole bored 
in it to fit the shaft. The “ eccentric,” as the com- 
bination is now called, is of radius s and would 
give to any reciprocating piece moving in a straight 
line passing through the centre of the shaft a travel 
equal to twice the radius se. The link connecting 
the eccentric with the end of the valve spindle is 
called the “ eccentric rod.” 

The slide valve described above, that is one 
whose edges just cover the edges of the ports, is 
called the “ normal slide valve.” In practice several 
modifications are made ; these will be explained in 
a future lesson. 

In Figs. 12 and 14 the crank and connecting rod 
are in the same straight line, and consequently a 
pressure on the piston has no turning effect on the 
crankshaft. These crank positions are called the 
dead centres.” To carry the crank over the dead 
centres a heavy “ fly-wheel” is keyed on the shaft : 
this heavy mass being set in motion cannot be 
! stopped suddenly, and there- 

I fore sufiices to continue the 

^ — motion while the crank passes 

I the dead centre. In double 

/ j \ engines, that is where two 

I je I drive the same crank 

\ I arranged so 

\ ■ I Y ) i ~ J ^hat the two cranks are never 

y/ on their dead centres at the 

same time. For example, in 
i locomotives the cranks are at 

Fig, Id. right angles. If three engines 

work on the same shaft, as in one arrangement of 
the modern marine engine, the cranks are set at an 
angle of 120° wdth each, other. 

WORK, ENERGY, HEAT, PHYSICAL PROPERTIES OP 
GASES AND VAPOURS— THERMODYNAMICS. 

A steam engine and boiler is essentially an 
apparatus by %vhich heat is converted into 


mechanical work. In order tlierefore to study the 
action of a steam engine, we must have clear ideas 
about the nature of heat and work. 

If a force acts against and overcomes a resistance, 
“work” is said to be done. The measure of the 
work is the product of the resistance, and the 
distance through which it is overcome. For 
example, if a weight of 1,000 lbs. be lifted vertically 
a height of 1 foot, the work done is 1,000 x 1 = 1,000 
foot-lbs. Similarly, if 1 lb. be lifted vertically 
1,000 feet the work done is 1,000 foot-lbs. 
Again, 100 lbs. to be lifted 10 feet requires the 
expenditure of 100 x 10== 1,000 foot-lbs. of work. 
From these examples the student must be careful 
to see that “force ” and “distance” must enter into 
the composition of “w^ork,” but “time” has no 
influence on it. The unit of work is therefore a 
unit compounded of the units of force and length ; 
thus 1,000 foot-lbs, of work may be exiu'essed as 

1000 X 12 = 12,000 inch-lbs., or ^-^^ = -Mei foot- 


1000 X 12 
2240 ' 


: 5*357 inch-tons. 


GRAPHIC REPRESENTATION OF WORK. 

If a diagram (Fig. 17) be formed having the base 
o V equal to the distance, and o P at right angles 
to o V and equal to the force acting, the work done 
is represented by the area of the rectangle PV, 
proper attention being paid to the scales used to 
represent distance and force. Thus, if 02 ^'=- anit 
of force and ov=umt of distance, then area of 
rectangle represents unit of work.' And the 
number of units of work done by force 0 P acting 
through distance 6 V is equal to the number of 
times the rectangle P v contains the rectangle v. 
This method of representation is specially useful 
when the force acting is variable, as, for example, 
the pressure of steam on the piston of a steam 
engine. When the piston has travelled a distance 
oso (Fig, 19) from the beginning of its stroke, the 
steam pressure on 1 square inch of its surface is 
represented by x ?/. This pressure diminishes a.s 
the piston gets nearer the end of its stroke. 

While the piston travels from a? to the pressure 
falls from x y to Xi but the fall of pressure is 
slight, and we may approximately consider the 
pressure to be constant and=za?y, then the work 
done=:a?a?^ x xy ; that is, equal to the area of the 
rectangle x y Yi ajj. Similarly while the piston moves 
through the space x^ x .2 the work done is equal to 
the area of the rectangle yi Yg 
Thus the work done per square inch of piston 
area during a stroke of the piston is the sum of 
a number of rectangles, and by taking the bases 
X Xj, Xi afa, X 2 a?a of the rectangles small enough we 


44 


THE NEW TECHNICAL EDUCATOK. 


11 

I'i 


1* I . 

■iSl I . 


Il 


have nltimately the work done per square inch of 
piston area equal to the area of the figure OPA 
j/BV.' , 

Energy may be defined as capacity for doing 
work, and is measured by the amount of work done 
while the energy is be- 
ing expended. 

Thus : Energy ex- 
erted = Work done. 
The student with some 
V knowledge of me- 
I’t?. If”. chanics will recollect 

that — neglecting friction — the energy expended 
at one end of a machine is equal to the work 
done at the other end. Again, suppose a w'eight 
A be at a height ce from the ground and be 
connected by a cord and pulley to an equal weight 
B resting on the ground, the weight A in descend- 
ing to the ground can do as much work as is 







Di. 


Fig. 19. 


Fig. IS. 


necessary to raise b through a height x. That is, 
the energy of A relative to the ground is the pro- 
duct of its w^eight and its height x above the 
ground. Energy, such as this, due to position is 
called “potential” energy. Again, a heavy fly- 
wheel can do a certain amount of work before 
coming to rest ; the energy stored up in the fly- 
wheel is equal to the work it can do before coming to 
rest. This energy, due to motion, is called “ kinetic ” 
energy. A body may possess at the same moment 
both kinds of energy : a falling body possesses 
kinetic energy clue to its actual velocity at the time 
under consideration, and potential energy due to 
its height above the ground at the same time. 

The rate at which an agent does work is called 
the power of the agent. The unit of power used by 
engineers is the “ horse-power,” as defined by Watt. 
The performance of 33,000 foot-lbs. of "work per 
minute, or of 550 foot-lbs. per second, is equivalent 
to one “horse-power.” Electricians use another 
unit of 130 wer, the “watt,” one “horse-power” 
being equal to 746 “ watts.” 


Heat is a form of energy. It is a fact which is 
constantly noted in everyday life that heat can 
be produced by mecbanical work. In sawing a, 
piece of wood, filing a piece of metal, grinding 
tool, and in fact in all processes where mechanical 
work is dissipated in friction, heat is produced. 
The converse fact, that heat may do mechanical 
w'ork, is not so often demon- 
strated in everyday events, but 
still the examples are suffici- 
ently numerous. When a fire 
is lit, the heat generated 
usually sets in motion the air 
in the neighbourhood. Coal 
mines used to be ventilated by 
having a great fire at the bot- 
tom of one shaft by which the 
heated air w^as free to ascend, 
wdiile another shaft permitted 
the entry of fresh air to the 
mine, giving an example of the 
direct production of mechanical work from heat. 
Such a method was not very economical, and 
nowadays ventilation is effected by fans driven by 
steam engines. We shall see as we proceed witii 
these lessons that in a steam engine the energy 
available is the heat given out by the combustion 
of the fuel in the furnace, and it is converted into 
mechanical work by the intervention of the boiler 
and engine. 

This theory as to the nature of heat was main- 
tained by Newton, but not till Eumford and Davy 
at the beginning of this century performed some 
striking experiments on the production of heat by 
friction was the theory generally adopted by 
scientific men. It had been maintained before the 
beginning of this century that heat wms a very 
subtle fluid which pervaded all bodies, that hot 
bodies had a larger quantity of this fluid than cold 
bodies, and that the conduction of heat from a hot 
body to a cold one was a flow of this fluid from the 
body having a larger supply to that having the 
smaller supply. “ Caloric ” was the name given to 
this fluid Count Rumford, in 1798, by boring a 
cannon with a blunt tool, generated heat sufficient 
to evaporate a large quantity of water. A little 
later Sir Humphry Davy melted two pieces of ice 
by rubbing them together. In 'both these experi- 
ments the only possible source of the heat produced 
was the mechanical work expended ; they were the 
first severe blows at the material theory of heat. 
The mechanical theory of beat was firmly estab- 
lished by Joule’s determination of the mechanical 
equivalent of heat. Before giving his result we 
must study a little more fully the effect of heat on 
substances and the measurement of heat. n 
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DRAWING FOR ENGINEERS.— I. 

. INTEODUOTION. " ' 

The lessons in tills series are intended to give the 

• student familiarity with the methods used in the 
drawing-offices of onr best conducted engineering 
establishments, and it is hoped will be found use- 
ful as a text-book by apprentices and pupils in 
engineering drawing-offices and workshops, and by 
students in technical schools. The experienced 
draughtsman may find some portions useful for 
reference. These lessons are not intended to form 
a text-book on engineering design, and therefore 

• there will be no attempt made to give an example 
from each class of machine detail, but the examples 
chosen will enable the industrious student to pro- 
duce good, serviceable working drawings, that is, 
good drawings from the manufacturer’s point of 
view. Engineers’ drawings must be looked upon, 
not as works of art, but as means to an end, namely, 
the manufacture of the mechanism or structure 
delineated. * The beginner is requested never to 
lose sight of this fact, and he must not hesitate to 
“ spoil,” what he might think, a pretty df awing, by 
making alterations, if the design is thereby im- 
proved. An artistic drawing may be very pleasing . 
to look at, and, other things being equal, the neat 
draughtsman will be more valuable to his employer 
than the slovenly one, but the appearance of a 
working drawing must always be regarded as of 
secondary importance. 

DRAWING INSTRUMENTS. 

For working out an example in mechanical drawl- 
ing, the learner should be provided with a drawing- 
board, T-square, two set squares, an engineer’s 
drawing-scale, a set of drawing instruments, draw- 
ing paper and pencils, w’ater colours, and brushes. 
Since the excellence of the work turned out depends 
greatly on the workman’s skill in handling Ms 
tools, it seems advisable to devote some time to the 
description of the above instruments, and to indicate 
the best way of using them. 

JDrawmg-Board.—Ihe drawing-board should be 
made of well-seasoned yellow pine, those supplied 
by the best makers are made from wood which has 
had at least three years’ seasoning. It should have 
two stout bars on the back, running at right angles 
to the fibres of the board. The four edges of the 
board should form an exact rectangle, and the 
beginner should test whether the angles are exactly 
right angles. It is usual to keep one edge of the 
drawing-board as the working edge, along which 
the stock of the T -square usually slides, the other 
three edges only being used when a line cannot be 
conveniently drawn from the working edge as a 
bas% The wmrking edges of the best drawing- 


boards are “ ebony-edged.” A board half imperial 
size, 23" X 16" will be found suitable for most of 
the examples given in this work. 

TsqtiaTe.--lLYiQ T-square should have the blade 
screwed on to the top of the stock, so as to allow 
the set square to slide along the edge of the blade 
into the position indicated by the dotted lines 



(Fig. 1). Two ebony pins fit exactly into holes 
bored through the blade and half-way in the stock, 
so that should the blade be unscrewed for the 
purpose of trueing up its edge, the pins ensure the 
stock and blade coming again into exactly the same 
relative position. The best T -squares have ebony 
edges. It is sometimes convenient to have a 
T -square with an alterable angle of blade. By far 
the best of those with which we are acquainted is 
Palmer’s “'tlniversal Drawing Edge,” illustrated in 
Fig. 2. The large spring washer B ensures a large 



Tig. 2. 


radius of contact between the blade and stock, so 
that when the nut 0 is tightened they are very 
securely fastened together. The tightness of the 
fastening can be regulated by the nut A, so 
that this T-square can be used as a 
ruler. ■ ■ ■■ ■ 

In using the T-square the stock slides along the 
left-hand edge of the drawing-board, and is held by 
the left hand of the draughtsman until the blade 
is adjusted into the required position. Lines must 
always be drawn from left to right. 
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Set squares . — A 60° set square twelve inches long, 
and a 45° set square eight inches long, will be 
found most convenient for most engineering draw- 
ings. Plain wooden ones are the cheapest, but very 
soon warp ; framed wooden ones last well, but are a 
trifle too thick for most draughtsmen’s liking; 
those made of ebonite are best. 

Transparent set squares have recently been intro- 
duced and seem to possess some advantages over 
those of ebonite. In using the set square for 
drawing vertical lines, its short edge should be 
placed against the edge of the T -square, so that the 
vertical edge is at the left, as in Fig. 1. A^ertieal 
lines must be drawn from tlie bottom towards the 
top of the drawing-board, and not in the contrary 
direction. 

By aid of the 60° set square, the circumference 
of a circle can be easily divided into twelve equal 
parts (h, Fig. 3). By aid of the 45° square, the cir- 
cumference of a circle can be divided into eight 
equal parts {a, Fig. 3). Fig. 4 shows the two set 
squares in position for drawing an angle of 15° and 
one of 75° with the horizontal. By reversing the 
30° set square, and using the 45° as before, the 
dotted lines (Fig. 4) can be drawn. Thus by 
combining the 45° and G0° set squares, the circum- 
ference of a circle can he readily divided into 
twenty-four equal parts (c, Fig. 3). 

Pencils . — The pencil used should be fairly hard. 
We find H H most generally useful, but for a very 
elaborate drawing a harder one will be better. The 
pencil should be sharpened to a “ chisel point ” not 
to a “ round point,” as when used for writing or 
freehand drawing. The wood should be removed 
by four fiat cuts as shown in Fig. 5, and the width 
of the chisel must not be left the full width of the 
lead, but must be filed away at the sides until only 
about a third of the original width of the lead 
is left. Fig. 5 shows a properly sharpened pencil 
for mechanical drawing. With a very wide chisel 
point accurate drawing is nearly impossible, and 
with a round point the pencil gets blunted so 
quickly that fine lines cannot he drawn unless the 
point be very frequently 
resharpened. A smooth 
file 4'^ long, or a small 
piece of sandjpaper, will 
be found convenient for 
sharpening the point of 
the pencil. Leads for 
compasses are sharpened 
in the same way, but the 
chisel point may be a 
little narrow^er. 

Covij?asses.~~The compasses chosen should have a 


leg may be at right angles to the paper when de- 
scribing a circle. If the foot of the fixed leg be not 
at right angles to the |)aper, the point will dig a 
small hole each time a circle is drawn, and where 



a number of concentric circles are to be drawn, the 
hole will be made large enough to disfigure the 
drawing. The point should be sharpened on an 
oil-stone to a conical point (Fig. 7), so that the 
point forms a pjivot 
bearing for itself in the 
paper. Avoid having 
one or tw’o sharp edges 
running down to the 
point, as in this case the 
compass point becomes 
a “ rymer,” and enlarges 
the hole in the paper 
with every circle drawn. 

Some draughtsmen pre- 
fer needle-pointed in- 
struments. In using 
these, the needle sliould 
only ]project slightly 
from its holder, and the 
needle is pushed into 
the paper until the com- 
paratively broad surface of the holder end rests 
on the surface of the paper. The compass p)encii 
should be nearly perpendicular to the paper. 

When using the pen compasses, special care must 
be taken to adjust the joint A (Fig. 6) so that both 
limbs of the pen touch the paper. If the compass 
be used as shown in Fig. 6, the result will bo a line 
sharply defined on one side and blurred on the 
other (Fig. 8). This adjustment of the joint A must 
be made very carefully if it be desired to draw 
thick lines. 

Spring bow’s are small compasses in wdiich the 
radius is adjusted by a screw and a nut. Three- 
quarters of an inch is about the largest radius ^hey 



Fig. 5. 
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can take. In using them, the first finger of the 
right hand should be lightly pressed on the top of 
the shank, wliile the point of the leg rests on the 



second finger. The circle is then drawn by rolling 
the shank between the thumb and first finger. On 
no account should both hands be used when mani- 
pulating spring bows. 

JJmwing-Seales.-^The scale used must be one 
with all divisions brought 
to the edge, and should be 
twelve inches long. An en- 
gineer’s drawing-scale made 
of box-wood, containing all 
the scales in general use, 
may be userh A set of 
paper scales, in which each 
strip of paper contains only 
one scale, has the advantage , 

of clearness and simplicity, and the beginner is 

) recommended to use these. Sharp’s 
universal drawing scale (designed by 
the writer) contains on one side all the 
scales in general use by draughtsmen, 
and on the other a scale of inches di- 
vided into tenths and fiftieths at one 
edge, and a scale of millimetres at the 
other edge. It is fully divided through- 
out its length. The student who is also 
studying geometry and mechanics will 
find this perhaps the most convenient 
'scale. 

When marking off any distance, the 
scale is placed on the drawing and the 
pencil marks off on the paper the re- 
quired length direct from the edge of 
the scale.. On no account should dividers 
he used for this purpose. On a scale of 
lull size, y' is usually the smallest dis- 
Fig. 8. marked, but the student should 

have no difficulty in estimating or 

■even 

I^or inking in drawings, Indian or Chinese 


ink must be used. The best is that sold in sticks, 
and ia prepared for use by taking a few drops of 
wmter in a pallette and rubbing with the stick ink 
until a perfectly black emulsion is produced. 

Liquid Indian inks are used, and, of course, they 
save the time and trouble of rubbing down from 
the stick. Most of the liquid Indian inks deteri- 
orate in quality after exposure to the air. We have 
found Higgins’ American Indian ink to be equal to, 
if not superior to, most others. It is supplied in 
bottles with rubber stopper and quill for filling the 
drawing-pen, and can be used without risk of soiling 
the fingers or instruments. 

Water colours may be had in solid cakes or moist 
in collapsable tubes. The following are required 
for engineers’ working drawings Crimson Lake, 
Prussian Blue, Payne’s Grey, or Neutral Tint, 
Gamboge, Burnt Sienna, Burnt Umber. 

Srutslies are either of camel’s hair or sable hair. 
Camel’s hair brushes are cheaper than sable, but 
not so elastic. The student is recommended to 
have two sable hair brushes of the size known as 
“ goose quill ” and a larger brush of camel’s hair. 
The brush, when moistened with water, should 
come to a sharp point. 

Drawing-pins, india-rubber, and file for sharpen- 
ing leads, and saucers for rubbing down Indian ink 
and for mixing colours must be provided. 

Pencil Drawings from Dimensioned Shetches , — 
The beginner must take great care to produce a 
neat pencil drawing. Beginners are apt to hurry 
over the pencil drawing, thinking that when inking 
in they wfill put everything right. Our experience 
is that if a student begin to ink in a drawing not 
properly finished in pencil, he is sure to ink in some 
line that ought not to be, and which will- have to 
be scratched out, so that the time .<^pent on the 
drawing is greater than would have been the case 
if a little more time had been spent in properly 
finishing the pencil drawing. Again, in most 
drawing offices, the draughtsman ’ leaves all his 
drawings in pencil, and from these tracings are 
made for the workshop, so that it is absolutely 
necessary for him to make clear pencil drawings. 

A good pencil drawing .riionld have all its lines 
uniformly thick and uniformly dark. 

The following rules should be carefully attended 
to in pencil drawing 

1. When drawing a line whose ends are not 
determined in position, the pencil must be pressed 
very lightly upon the paper, so as just to make a 
visible mark. If one end of the line is already 
determined, it may be drawn firm at that end and 
get gradually lighter towards the undetermined 
end. These faint lines should be drawn a little 
longer than absolutely necessary. . , 
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2. If the ends of a line are determined by lines 
already on the pai^er, it should be drawn at once 
firm and even. 

3. W hen the ends of a line drawn faint at first 
are determined, the part to remain on the paper 
should be gone over again with a firm and even 
pressure of the pencil. 

4. The superfluous parts at the ends should be 
rubbed out as soon as convenient by a light stroke 
of the india-rubber. 

Above all, the student must avoid having a 
number of faint lines without definite endings on 
Ms drawing-paper, as these will only confuse him 
in proceeding further with the drawing; but each 
part must be dehnitely finished before proceeding 


are drawn. Draw the line A b and check whether 
it is parallel to the line 1 or not. From o, the inter- 
section of 3 and 5, project with the T-square the 
points c and b on lines 2 and 4 respectively. Draw’ 
lines 7, 8, 9, 10 with the 45° square, taking card 
that lines 7 and 8 intersect on line 1, and lines 
9 and 10 intersect on line 6. From the points 
P, p, p, p, the intersections of 3 and 5 with 7 & 


0, 10, project points on to lines 2 and 4. These 
serve as starting-points for another series of lines 
inclined 45° to the base line 1. The intersections 
of the thick lines (Fig. 11) inclined 4o° should 
coincide with the intersections of the thin vertical 
and horizontal lines. 


to another. If a line which has been firmly drawn 
with a hard pencil be rubbed out, a slight indenta- 
tion is left on the drawfing-paper ; the student, 
however, had better risk having a few such inden- 
tations on his first drawings than err by over- 
timidity in drawing liis lines firm. 

The above rules will be applied in some of the 

a square of two-inch side 0®’ TEXTILE FABRIGS.-I 

With the T-sqnare draw a line a B firm at A bat p , , p. t ' 

faint towards b (Fig. 10). Set the edge of the scale 

along A B, and mark offl with the pencil the point c FIBRES. 

two inches from a. With the set square, draw the cotton * 

lines A D and c E faint towards d and b. Set the 1. ne Coitimi-Pla7it.-Cotton is the white, downr, 

w?? ® ^ ^ substance which envelops, and is attached 

With the T-square drawthe line EG. this line has to, the seeds of various species of ths&ossvpium. 
Its ends already determined by the lines a d and After collecting and drving the cotton, the seod^ 
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(3) Gossyjrhiiii lierbac&mn, grown in India, China, 
Egypt, and Amen yields the Madras, Surat, and 
short-stapled Egyptian cotton, also some American 
.^cottons., 

•(4) Gossyjmm- ^yeruviamm, a native of South 
America, yields the long-stapled and much esteemed 
Peruvian and Brazilian cottons. 

{o) Gossy2)iimv T6U(^^^^^^ is grown in China and 
India, and yields the so-called Nankin cotton, 
remarkable for its tawny colour. 

(6) Gossyjmm arboreum is a perennial tree which 
grows in India, and produces a good quality of 
^cotton. 

J^^bysloal StTUctw'e.—XJnder the microscope, 
cotton fibres appear as spirally twisted bands. ' 
Transverse sections show them to be flattened 
tubes. QSec Figs. 1, 2, 3, Cotton p. 13.) 

A siugle cotton fibre is, indeed, an elongated 
collapsed plant cell. Sometimes broad ribbon-like 
fibres may be noticed, which are remarkably 
transparent. Their transverse section exhibits no 
central opening at all; They are, indeed, unripe 
fibres, in which no separation of the thin cell walls 
has yet taken place. They refuse to be dyed like 
ordinary ripe fibres, and appear occasionally as 
white specks in indigo- and madder-dyed calicoes ; 
hence the nsimedead cottonh^^ been given to them. 
The microscopic appearance of cotton serves to dis- 
tinguish it from other vegetable and animal fibres. 

3. Chemical Comj^osltmt.— The substance of the 
cotton fibre is called Cellulose. The impurities 
present, amounting to about 5 per cent., comprise 
pectio acid, brown colouring matter, cotton wax, 
fatty acids (margaric acid), and albuminous matter. 
Pectio acid e.xists in the largest proportion. 

In addition to these impurities, the cell wall of 
the raw cotton fibre seems to be covered with an 
exceedingly delicate membrane, or cuticle, which 
is not cellulose. If cotton, when under micro- 
scopical observation, be moistened with an 
ammoniacal solution of cupric hydrate, the fibre 
swells up under its influence, whereas the cuticle is 
unaffected and appears as band-like strictures or 
rings of various breadths. If a drop of sulphuric 
acid be then added, the cellulose separates as a 
gelatinous mass, which, on adding a drop of iodine 
solution, becomes coloured blue, whereas the cuticle 
is coloured yellow. The average moisture in raw 
cotton is about <S per cent. 

The chemical formula assigned to cellulose is 
is closely allied in composition to 
starch, dextrin, and glucose, and is classed along 
with them as a carbo-hydrate. It is colourless, 
possesses neither taste nor smell, and lias a density 
of about 1'5. If heated above 230® C., it becomes 
forow^ and begins to decompose. In contact with 
4 


air it burns without emitting any very strong odour, 
a fact which may sometimes serve to distinguish it 
from wool and silk. It is quite insoluble in the 
ordinary solvents, but readily dissolves in an 
ammoniacal' solution of cupric hydrate. 

Action of various Agencies on Cotton. 

4. Action of Mildew. — Owing to its comparative 
freedom from impurity, cotton may be stored for a 
long period without undergoing any change, more 
especially if it is bleached and kept dry. When, 
however, it is contaminated with added foreign 
organic matter, such as starch, gum, etc. in 
“ finished ” calicoes), and then exposed to a moist, 
warm atmosphere, it is very liable gradually to 
become tender or rotten. This is owing to the 
growth of vegetable organisms of a very low order, 
generally called “ mildew.’' These fungi feed upon 
the starchy matters present, inducing their decom- 
position, and after some little time the cotton fibres 
themselves are attacked. 

o. Action of Frost. — It has been erroneously 
supposed by some that wet calico is tendered when 
it is frozen. The idea probably arises from the fact 
that in their rigid state the cotton fibres are readily 
broken. A similar friable condition is obtained by 
excessive stiffening with starch or gum. 

6. Action of Acids. — Cold dilute mineral acids 
have little or no action, but if allowed to dry upon 
the cotton they gradually become sufficiently con- 
centrated to corrode and tender the fibre. The 
same corrosive action soon takes place if cotton 
impregnated with such acids is heated (or if it is 
exposed to hydrochloric acid gas). The process of 
“ extracting ” or “carbonising” woollen rags con- 
taining cotton (l.e., destroying and removing the 
cotton), by means of sulphuric or hydrochloric acid, 
is founded on this fact. 

The action of strong acids varies considerably 
according to the nature, concentration, and tem- 
perature of the acid, as- well as the duration of its 
contact with the fibre. 

Very concentrated suljAinric acid causes cotton 
to swell up, and form a gelatinous mass, from which, 
on the addition of water, a starch-like substance 
termed Amyloid may be precipitated. A solution 
of iodine colours this amyloid blue. An increased 
affinity for basic coal-tar colouring matters is said 
to be imparted to cotton by a treatment with acid, 
even when the acid is diluted to 84® Tw. (Sp, Gr. 
1*42), although the physical aspect of the cotton 
then remains unchanged. Cotton completely dis- 
organised by acid, and obtained as a fine powdei*, 
seems to contain one molecule of water more than 
ordinary cellulose, and the substance thus produced 
has consequently been termed Hydro-cellulose. 
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If tlie concentrated snlpliuric acid is allowed to 
act for a longer time, the cotton dissoh^es with the 
formation of Dextrin (CgHioOs) ; when the solution 
is diluted with water and boiled for some time, 
this dextrin is further changed into Glucose 
(CbHiA). 

If cotton be heated with strong mtric acid, it is 
entirely decomposed, producing oxalic acid and an 
oxidised cellulose soluble in alkalies. By the action 
of cold concentrated nitric acid, or, better ’ still, a 
mixture of strong nitric and sulphuric acids, 
cellulose is changed into so-called Nitro-cellulose. 
The physical structure of the cotton remains the 
same, but its chemical composition and properties are 
very much altered. The most highly nitrated com- 
pound is Pyroxylin, or Gun-cotton ; 

it is very explosive, and insoluble in alcohol 
and ether. The less nitrated product forms the 
so-called Soluble Pyroxylin. Its solution in a mix- 
ture of ether and alcohol constitutes the Collodion 
of the photographer. Gun-cotton has an increased 
affinity for colouring matters, but no jjractical use 
has been made of the fact. 

Artificial Silk-substitute, discovered , by Char- 
donnet, is made by forcing a 6*5 per cent, collodion 
solution througli a fine capillary tube immersed in 
a current of cold water flowing in the direction of 
the collodion as it issues from the tube. In contact 
with the water the collodion solidifies, and the fibre 
thus formed is at once reeled. A subsequent treat- 
ment with dilute nitric acid and also ammonium 
phospliate solution deprives the fibre of excessive 
inflammability. The fibre is similar in appearance 
to boiled-ofl silk, and may be dyed after the 
manner of silk, but at low temperatures only. 

Strong liydrocliloTle acid behaves towards cotton 
like sulphuric acid, but its action is less energetic. 

Solutions of tartaric, citric, and oxalic acids 
have no destructive action on cotton if it is simply 
steeped in the liquid ; but if cotton saturated with 
a solution containing 2 per cent, of any of the 
above acids is dried and heated for an hour to 
100° 0., it becomes slightly tendered. 

xicetie acid has, under ordinary circumstances, 
no perceptible action on cotton. 

7. Action of AlltaUes. — Weak solutions of caustic 
potash or soda, when used cold, have ordinarily 
no action on cotton, although long-continued and 
intermittent steeping and exposure to air tender 
the fibre. Cotton may even be boiled for several 
hours with weak caustic alkalies, if care be taken 
that it remains steeped below the surface of the 
solution during the whole operation, but otherwise 
it is very liable to become rotten, esspecially if 
the e.vposcd portions are at the same time under 
the influence of steam. Such exposure is to be 




guarded against during certain of. the operations in ' 
bleaching cotton fabrics. The tendering action is 
probably due to oxidation. It is worthy of note 
that the disorganised fibre (oxy-cellulose) possesses.^ 
an increased attraction for basic coal-tar colouring 
matters. 

The action of sti'onff solutions of caustic potash 
or soda is very remarkable. If a piece of calico is 
steeped for a few minutes in a solution of caustic 
.soda, marking about 50° Tw. (Sp. Gr. T25), it 
assumes quite, a .gelatinous, .and , translucent ... 
appearance; when washed free from alkali, it is 
found to have shrunk considerably, and become- 
iiiuch closer in texture. If a single fibre of the 
calico thus treated be examined under the micro- 
scope, it is seen to have lost all its ■ original 
characteristic appearance ; it has no superficial 
markings, and is no longer fiat and spirally twisted, 
but seems now to be thick, straight, and trans- 
parent. A transverse section shows it to bei' 
cylindrical, while the cell walls lia\’e considerably 
thickened, and the central opening is diminished 
to a mere point (Big.!).' Many years ago a Lanca- ^ 



Fig. ]. — Tp.axsvf.rsk Sections op Cotton Fibre 
AFTER Treatment with Caustiq Sooa. 


shire calico-printer, John Mercer, discovered that 
calico treated in the above manner was not only 
stronger than before, but had also acquired an 
increased attraction for colouring matters, hence 
cotton thus treated is said to be mercerised. Thc- 
process, however, has never been adopted in general 
practice. 

Cmistio ammonia and solutions of the earhmates 
of jmtash, soda or ammonia, silicate of soda, horax^ 
and soaj} have, under ordinary circumstances, 
practically no action on cotton. 

B. Action of Lime. — Milk of lime, even at a boiling 
lieat, has little or no action upon cotton so long' 
as the latter is steeped below the surface of tiio 
liquid, but if it is at the same time exposed to the 
action of steam, it becomes iimcb tendered' by 
oxidation of the fibre. Such exposure must be 
avoided in cotton-bleaching. 

9. Action of (Lhlorine and Hypochlorites on 
Cotton. — Cotton is quickly tendered if exposed to 
moist chlorine yas, especially in strong sunlight 
Solutions of hypochlorUes (bleaching-powder, etc.) 
tender cotton more or less readily, a.ccording to the 
strength and temperature of the solutions and tiiu 
duration of their action. Even a very weak sohi- 
tion of bleaching-powder will tender cotton if the 
latter be boiled with it ; but when used cold, tht^ 
destructive action is inappreciable. If a puKc of 
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calico is moistened with a solution of bieaching- 
powder at 5° Tw. (Sp. Gr. l;025), then exposed to 
the air for about an hoar, and washed, it will be 
flfound to have acquired an attraction for basic coal- 
tar colouring matters similar to that possessed b}- 
the animal fibres. This remarkable change is due 
to the action of the hypochlorous acid liberated by 
the carbonic acid of the air. The cotton is thereby 
oxidised, and becomes chemically changed to so- 
called Oxy-cellulose. 

10. Action of Metallw — -Under ordinary 

circumstances, solutions of neutral salts have no 
motion on cotton; with acid salts the effect is 
similar to that of the free acids, though less marked. 
If cottoii is impregnated with solutions of the salts 
of the earths and heavy metals, then dried, and 
heated or steamed, the salts are readily decom- 
posed ; a basic salt is precipitated on the fibre, and 
tlwi liberated acid affects the fibre according to 
tlie nature and strength of the salt solution em- 
ployed. 

The application of the so-called “topical” or 
“steam colours,” and the “mordanting” process 
employed by the calico-printer, are based upon 
the above facts. 

Cotton canvas impregnated with animoniacal 
solution of cupric hydrate, squeezed and dried, be- 
comes green-coloured, and coated with a varnish of 
amorphous cellulose. The product is kuown as 
“ Willesden canvas,” and being rot and rain proof, 
is useful for tents, etc. 

11. Action of Colouring Matters, — With the 
exception of Indigo, Turmeric, Safflower, the Benzi- 
dine colours, and a few others, colouring matters 
are not directly attracted from their solutions by 
the cotton fibre, hence special means of pre- 
paring it to receive such dyes have to be adopted, 
viz. the “mordanting” process, to w’hich fuller 
reference will be made subsequently. 

FLAX, JUTE, AND CHINA GEASS. 

12. Flax-plant . — The linen fibre consists of the 
bast cells of the flax-plant Lmum usitatissunum 
(Fig. 2), which is cultivated in nearly all parts 
of Europe. 

To obtain good fibre, the plant is gathered 
before it is fully matured — namely, when the 
lower portion of the stem (about two-thirds of 
the whole) has become yellow. At this stage the 
plants are carefully pulled up. 

The flax is at once submitted to the process 
!,■ of “ rippling,” in order to remove the seed cap- 
sules. This operation is performed by hand, by 
drawing successive bundles of fiax-straw through 
the upright prongs of large, fixed iron combs, or 
“ ripples.” If the pulled flax has been dried and 


stored, the removal of the seeds is usually effected 
by the seeding-machine, which consists essen- 
tially of a pair of iron rollers, between which 
the flax-straw is passed. 

13. most important operation in 

separating the fibre is that of “ retting,” the object 



Fig. 2.- A, Flax Pl.axt; b, Flowee; c, PEUii-. 


of which is to decompose and render soluble by 
means of fermentation, as well as to remove, certain 
adhesive substances which bind the bast fibres not 
only to each other, but also to the central wmody 
portion of the stem, technically termed the “ shive,” 
“ shore,” or “ boon.” 

The usual modes of retting are as follows 

(1) Cold-imter Tctting. This may be carried out 
either with running or with stagnant water. 

(2) Dew reUmg. ; 

Colcl-imter Retting . — Tiie best system of retting 

in running water is said to be practised in the 
neighbourhood of Courtrai, in Belgium, where the 
water of the sluggish river Lys is available. The 
bundles of flax-straw are packed vertically in large 
wooden crates lined with straw. Straw and boards 
are afterwards placed on the top, and the crate 
thus charged is anchored in the stream and 
weighted with stones, so that it is submerged a few 
inches below the surface. In a few days iermenta- 
tion begins, and as it proceeds, additional weight 
must be added from time to time, in order to 
prevent the rising of the crates through the evolu- 
tion of gas. As a rule, after steeping for a short 
period, the flax is removed from the crates,. mid set 
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up in hollow sheaves to dry ; it is then repacked in 
the crates, and again steeped until the retting is 
complete. According to the temperature, quality 
of flax, etc,, the duration of the steeping may be 
from ten to twenty days. The end of the process 
must be accurately determined by occasionally 
examining the appearance of the stems, and apply- 
ing certain tests. The flax bundles should feel soft, 
and the stems should be covered with a greenish 
slime, easily removed by passing them between the 
finger and thumb ; when dried and bent over the 
forefinger the central woody portion should spring 
up readily from the fibrous sheath. If a portion of 
the fibre is separated from the stem and suddenly 
stretched, it should draw asunder with a soft, not a 
sharp, sound. 

When the retting is complete, the flax is carefully 
removed from the crates and set up in sheaves to dry. 

Retting in stagnant water is the method usually 
adopted in Ireland and Russia. The flax in this 
case is steeped in ponds, situated near a river if 
possible, and provided with suitable arrangements 
for admitting and running off the water. 

This mode of rotting is more expeditious than 
when running winter is employed, because the 
organic matters retained in the water very materi- 
ally assist the fermentation ; there is, however, 
always a danger of “over-retting,” that is, the 
fermentation may become too energetic, in which 
case the fibre itself is attacked and more or less 
weakened. This danger is minimised by occasion- ' 
ally changing the water during the steeping process. 

After retting in stagnant water, the flax is 
drained, then thinly spread on a field; it is left 
there for a week or more, and occasionally turned 
over. This process is termed “spreading,” or 
“ grassing.” Its object is not merely to dry the 
flax, but to allow the joint action of dew, rain, air, 
and sunlight to complete finally the destruction 
and removal of the adhesive substances already 
alluded to. 

The quality of the water employed in retting 
is of considerable importance; pure soft water is 
the best, calcareous water being altogether unsuit- 
able.' 

Bew retthig simply consists in spreading the flax 
on the field and exposing it to the action of the 
weather for six or eight weeks, without any previous 
steeping in water. Damp weather is the most suit- 
able for this method, since all fermentation ceases 
. if the flax becomes dry. Dew retting is practised 
largely in Russia and in some parts of Germany. 

The warm-water retting of Schenck, the chemical 
retting of Baur, and the steam retting of Dogny, 
have not been able to supplant the older processes 
just described. 




14. Chemistry Experiments by Kolb 

indicate that, the adhesive matter which cements 
the flax fibres together is essentially a substance 
called pectose. During the retting process the ^ 
fermentation decomposes this insoluble pectose, ami 
transforms it into soluble and insoluble 

g)ectie acid. The former is washed away, the latter 
remains attached to the fibre. 

15. Breaking . — The next process is to remove the 
woody centre from the retted and dried flax, after 
w^hich the fibres must be separated from each 
other. The various mechanical operations for 
effecting this comprise “breaking,” “scutching,” 
and “hackling.” 

The first operation aims at breaking up the 
brittle woody centre of the flax into small pieces, 
by threshing it with an indented wooden mallet, or 
by crimping it with a many-bladed “ braque.” The 
operation is now extensively done by machinery, 
the flax being passed through a series of fluted 
rollers. 

16 . Smtchmg.----lvL this process handfuls of the 
flax are beaten wfith a broad wooden scutching- 
blade ; the broken particles of woody matter adher- 
ing to the fibres are thus detached, and the bast 
is partially separated into its constituent fibres. 
Scutching is also performed by machinery. The 
waste fibre obtained is called “ scutching tow,” or 
“codilla.” 


PRACTICAL MECHANICS.— I. 

By R. Gordon Blaine, M.E. 

Assoc. M. Inst, C. K, dx . ; Senior Demonstrator and Lecturer 07b 
Mechanical Engineering and A'pplmi Mechanics at the City 
and Guilds of London Technical College^ Finsbury. 

IXTRODUCTIOX - COMPOSITION AND RESOLUTION 
OF VECTOR QUANTITIES-GRAPHIG METHODS. 
The subject of Practical Mechanics is of great im- 
portance to all who wish to study Engineering in 
any of its branches, or who wish to be acquainted 
with the practical applications of the laws of force 
and motion. Until recently the subject has been, 
to a large extent, neglected, except by students who 
were obliged to take it up in order to pass cer- 
tain university or other examinations. Books on 
mechanics wmre written, usually, as aids to those 
students, and hence a certain class of problems 
were repeated, and became crystallised in the text- 
books. Those problems were usually of a very un- 
real nature, and unlike the questions which come 
before the practical workman or engineer; hence 
the text-books and the subject w^ere aiike neglected 
by the practical man. Within recent years a few 
writers, such as Professor Perry and others, have 
recognised the fact that there exists a large*^ class 
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of very intelligent jwaGtical students who wish to 
study such a subject as this for the sake of the 
actual working knowledge which they may derive 
* from that study, and who look at all questions 
from the point of view of peagticaLi utility. 
Mere geometrical problems, which have only a 
remote conn eotioji wdth the subject of mechanics — 
such as many of the problems to which I have 
alluded as given in the earlier text-books—oifer 
no attraotiohs to them. Many of these students 
possess only a limited knowledge of mathematics, 
^iior is it necessary that they should possess more 
in order to gain a x>ractical knowledge of the 
fundamentals of the subject. The best recent 
writers have recognised this fact, and also the fact 
that these students, as a rule, possess a large fund 
of bommon-sense, together with considerable ex- 
perience of the action of mechanical laws, which 
may be taken advantage of, though the laws them- 
selves in their commonly enunciated form are un- 
known to them. The practical man readily gets 
hold of a great principle, like the “law of work,” 
and if we can base our proofs and arguments, to 
a considerable extent, on such a law, so much the 
better as far as his progress is concerued. 

I hope in these lessons to bring before the 
student, whom I shall suppose to be of a practical 
turn of mind, some of the more important facts 
and laws of mechanics, especially in regard to 
their useful applications. 

I shall not assume any large amount of mathe- 
matical knowledge on the part of the reader. A 
knowledge of the ordinary rules of arithmetic, and 
the ordinary signs of algebra, such as 4 ., x, 

V , =, etc., together vrith the operations they sym- 
bolise will be sufficient. It will also be necessary 
to understand the meaning of a simple equation, 
but this knowledge, if not already possessed, can 
easily be acquired by a few hours’ study of the 
lessons on Arithmetic and Algebra in the New 
POPULAE EdUCATOE. 

Mechanics is often defned as the subject which 
deals with force as applied to material bodies. This 
would naturally lead us to a dehuition of foree, 
but no definition we could give would be of much 
service at this stage. The intelligent reader Jinows 
what is meant by a force— probably he thinks of it 
as a push or a pull. It will not simplify matters to 
tell him that force is “ that which moves or tends 
to move matter,” is that which produces motion 
or stTain of, or in, material bodies. This and other 
<lefinitions will be of greater service later on. For 
the present it will be sufficient to think of forces 
and other quantities of this nature— with which we 
have so much to do in mechanics — as belonging to 
the gTeat class called vector ([tiantities, and we 


shall, without defining each separately, proceed to 
explain how to deal with such quantities. What is 
a “ vector quantity ? ” Any quantity which is com. 
pletely specified when its magnitude, direction, 
and sense or sign are given is a vector quantity. 
A force at a given point, a velocity, or an accelera- 
tmn, will be completely specified if the magnitude, 
direction, and sense of the quantity are given, and 
each can be completely represented by a straight 
line ; the Ungth of the line showing the amount of 
the velocity, etc. ; the direction of the line the 
parallelism of the quantity, and an arrow-head on 
the line its sense or sign. Thus a velocity of 
20 feet per second in a given direction at a given 
point would be represented by a line of 20 units 
long drawn in the proper direction at that point, or 
at a point representing the given point, and an 
arrow-head on the line would show whether the 
velocity is arcay from, or towards the point. This 
last constituent is sometimes — though less neatly — 
shown by the sequence of two letters, which are 
placed one at each end of the line. 

There are other quantities, in dealing with which 
we are concerned merely with their magniixtde, 
such quantities as, for instance, a sum' of money, 
or a specified volume of any given material. 
Quantities of this kind, which require only to be 
specified in so far as regards their magnitude, 
and which, therefore, can be represented by mere 
numbers, are sometimes called scalar quantities. 
Siich quantities are very simply dealt with. If, for 
instance, we wish to find the sum of any number of 
them— of the same kind— we have only to add 
together the numbers expressing their several 
magnitudes, and the work is done. Vector quan- 
tities, on the other hand, are much more compli- 
cated altogether, but they are also much more fre- 
quently met with in mechanics than their simpler 
brethren. To add two or more vector quantities we 
have to use what is known as the “ parallelogram,” 
'“triangle, or “polygon of forces.” Formerly, we 
stood up for our old friend the parallelogram, and 
two vector quantities, say two forces, of 10 and 7 
units respectiyelj', acting as shown in Fig, 1, were 
“ compounded,” or added by measuring off along 
A B a distance equal to 10 units, along A c a dis- 
tance of 7 units, consti'ucting on these two lines, as 
adjacent sides, a parallelogram A c D B, the diagonal 
A D of which represented the sum or resultant of 
the given forces to the scale previously chosen for 
the remainder of the figure. This seems all plain 
and simple, but it should be carefully noted that 
this construction is only correct if both the forces 
(or velocities) act towards^ or both away from the 
point A. Thus, in Fig. 2, two forces, similar to 
those in Fig. 1, are given, except that one of the 
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forces, A B, acts this time towards the point. If 
the ]>arallelogTain is constructed as before, there 
will be a clifficulty in deciding the proper direction 
to give to the aiTow>head of the diagonal, in fact, 



d&sulfant 


the construction will fail in this case. It will be 
necessary to produce one of the lines, say A b, on 
the other side of a, then measure off A F = 10 units, 
and proceed as before, the forces now both acting 
away from the point. The student is very liable to 
fall into a mistake in this matter, and hence the 
'‘triangle- of forces” is adopted instead of the 
parallelogram. This triangle would be similar to 
ABD in Fig. 1, and to APE in Fig. 2, and would 
be more conveniently constructed at some distance 
from the point at which the forces act. If, then, 
three forces or other vector quantities act at a 
point, and are in equilibrium, they will be parallel 
and proportional to the sides of a, triangle, and the 
arrows on these sides will be concurrent. Any side 
of such a triangle will represent the equilihmit 
(meaning that which with the others produces 
equilibrium) of the other forces, and will represent 
their resultant if its arrow’’ is turned the other way, 

\Q " 



The principle can be extended to any number of 
forces, acting at a point. Thus, in Fig. 3, forces of 


■ 4, '6, 5, 3, Sj and G lbs. are represented' as, acting at 
the point o, along the, lines o A, o,B, O'C, o d, etc., 
respectively. 

The resultant of these forces could be obtainei"!' 
by the old method, be., l)y iinding the resultant of 
the forces in o A and o f by the parallelogram rule. 

then the resultant of this resultant and the force 
/ ill o E, and so on, as before. 

But this is tedious : it is much simpler to con- 
struct a polygon, as in Fig. 4, each side of which 
represents one of the given forces to scale, the 
resultant , being represented by the last or' closing 
side, shown dotted in the 
figure. The order in which 
the forces are taken does not 5 

matter, but accuracy in the f 
work is more easily attained if / 
no two consecutive sides in- / t 

tersect at too acute an angle. fs } 

I have here referred only to / 1 

forces, or other vectors, acting / j 
at one point and in one plane, ( 1 

If the forces act at one point \ 
but waif in one plane, the rule \s 1 

is still true, that if they are in \ I 

equilibrium a closed polygon \ 1 

can be constructed with sides V | 
representing the several forces. 

The polygon in this case cannot Fig. 4 
very well be represented in a 
drawing, but may be constructed of wire. It will 
be of an awkward shape, and is called a f/aticlw 
polygon. It is evident, however, that the elevation 
and plan of this polygon are both closed polygons, 
and if the forces are not in equilibrium — and 
hence the polygon closed— the elevation and 
plan of the closing side can easily be obtained. 
This matter is, how^ever, somewhat beyond our 
present purpose. 

It is not my intention to give a proof of the 
“parallelogram” or “polygon” law— the polygon 
being the most general case, as the triangle is only 
a particular case of the polygon. This will be 
found more or less satisfactorily given in books on 
Theoretical Mechanics. Tlie practical student will 
probably be content with an experimental illustra- 
tion of the law. In Fig. 5 is shown an apparatus 
for illustrating the law of the “polygon of forces.” 
Here six forces act on a small smooth ring, winch is 
allowed to assume a position of rest or equilibrium. 
The ring is then fastened in position by a drawing- 
pin, and one of the forces a removed. The five 
remaining forces acting in the five cords are now 
distinctly out of equilibrium. A polygon is con- 
structed as shown in Fig. 6, and it is found that thc' 
side required to close the polygon is almost Exactly 
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parallel and proportional (to tbc same scale as that 
nsed for the others) to the force a required to pro- 
vince equilibrium. Or the experiment may be per- 
^ formed by allowing all the forces to remain in 
equilibrium, and then constructing the polygon, it 
is found to be very nearly closed. Thus the 
illustration bears out the law — at least, very nearly. 
Why do I use the words almost ” and “ very 



Fig. 5. 


nearly ” here ? Because the apparatus, like all 
pieces of apparatus, has certain defects, and doe.s 
not exactly represent what we want. In .other 
words, we do not know exactly what the forces are 
which act on the ring, for the force due to the 
weight at the end of one of the strings is not all 
transmitted to the ring. There is something about 
each of the pulleys which to some extent mars our 
illustration; in other words, each pulley h^sfrictio^i, 
which, however useful in its 
r place, here causes a cer- 

h tain discrepancy to appear in 

/ \ the results. In most of the 

y/ older books to which refer- 
>. once was made above, many 

^ questions and problems are 
Fig. 6. discussed at length in which 

pulleys which have no frie- 
tion figure conspicuously. Unfortunately, such 
pulleys are not on sale in London, or anywhere 
else, and whilst we may try, by making the pivots 
of hard steel with very fine conical points, and by 
having the pulleys very light and well made, to 
vediioe the ill effect due to friction, w'e cannot 
altogether get rid of it. Hence, since we must put 
op with this ever present, and in many respects 


curious phenomenon, it is best to investigate some 
of its effects in cases like that before us. 

Mounting a pulley as sliown in Fig. 7, and passing 
a cord round it with equal weights at the ends, 
there is of course balance. 

But it is found that there is 
also balance when one of the 
forces, or weights, is slightly 
increased. The excess weight 
required to keep up a steady 
downward motion of that end 
of the cord may be taken as 
representing what we may call 
the “ effect of friction ” corre- 
sponding to the particular 
load on the pulley at the time. 

^^Tien the load is increased 
it is found that the excess 
weight has to be increased 
also, and, in fact, when a few 
sets of weights are tried, it is 
at once apparent that the m- 
CTease of friction is 
tional to increase of load. 

The exact law, however, can only be obtained 
when the corresponding values of load and eflceot 
of friction are plotted as the co-ordinates of pointi- 
on squared paper ; the line joining points thus 
obtained is very nearly straight, and if the best 
mean straight line lying among the points is taken, 
its law will be the law sought. 

The method of plotting such results and obtaining 
the law required will be found discussed in the les- 
sons on Mechanics in the New Populak Educator. 

Such an experiment as this, simple though it 
may be, is of value altogether irrespective of the 
particular matter in hand, for the training in ex- 
perimental methods which is thus obtained by the 
beginner is most useful in enabling him to under- 
take other and more complicated researches. Every 
reader of these lessons should endeavour to carry 
out with his own hands many of the experiments 
to which reference may be made. The pieces of 
apparatus are ino.stly of a simple kind, such as the 
student can construct, and by such expenments 
a knowledge of the fundamental laws of mechanics 
is obtained which is of a much more practical 
nature, and more readily applicable when wanted, 
than the sort of knowledge obtained by mere read- 
ing or listening to lectures. Working out good 
numerical examples is, perhaps, the next best aid 
to the acquirement of a practical knowledge of this 
subject. 

RESOLUTION OF FORCES. 

In the foregoing we have referred to the com- 
position or addition of vector quantities. The 
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rcsolutum of such quantities is the reverse opera- 
tion. Thus, in Eig*. 8, the force represented by ab 
is evidently the resultant or sum of the forces 

n_ represented by AC and ad. 

y The forces ac and ad may 
/ therefore be called the com- 
/ ponents of ab, ac being the 
/ horizontal and a d the ver- 

/ tical component. Hence, if 

.. > we are given any force, 

A other vector quantity, 

its horizontal and vertical 

^ Tvr s ^ components may be found 
’ by projecting the length re- 

presenting the given force on a horizontal and a 
vertical line respectively. If the force ab is a 

units, its horizontal component will be tz x — 

AB 


units, and the vertical component will be x ~ 

A B 

units. But the student who has any knowledge of 

trigonometry will at once see that is the cosine 

A B 

of tho anglo BAG (or a), and is the cosine of 
A B 

the angle d a b, or the sine of a. 

Hence, to get the horizontal component of any 
force, multiply it by the cosine of the angle it 
makes with the horizontal ; or to get the vertical 
component, multiply by the sine of the same angle. 
Forces are in equilibrium if the force polygon for 
thoae forces is closed. Looked at from another 
point of view, the condition is that the algebraic 
sum of the horizontal ciwiponents of all the forces 
must bo zero, and also that the sum of the vertical 
com2}07ie}its of all the forces must be zero. This 
gives us at once a method of calculating the re- 
sultant of a number of forces acting at a point to 
which we will now briefly refer. 

Ihus, to find the resultant of the forces shown in 
Fig. 3 by calculation, we may, for convenience, 
tiibulate our work in the following way, giving to 
all horizontal components acting from left to right 
the positive sign ; also to all vertical components act- 
ing up, the positive sign, others being negative : 


Force I iic 


(Xaineand 5 o £.>5 ]) Cos. a Sin. a Component 
Amount), of Force. Component, 


OA = 4 
O B = 0 
0 C = 5 
OD = 3 
O E = 8 
OF = 0 


*0*43 *rt)() 4. 1*329 

•342 *939 - 2-r3<> 

•342 , *939 + 2*052 


I Sum 4* *049 Sum -13*504 


The^ result is a downward vertical component 
3 r of 13*5 units, and a horizontal component, from left 
3 to right of *049 units. The resultant of these two 
quantities is the resultant required; it would be^ 
^ found by extracting the square root of tho .sum of 
• their squares. It is evidently very nearly 13-5, and 
5 its ^ direction is very nearly vertically downwards. 

‘ Ibis is evident since we have reduced the given 
: forces to two acting at right angles to each other, 

I If we draw, from the given point, a vertical line to 
represent - 13*504 force-units, i,e., a line equal to 
13*504 times the selected unit of length, and drawn 
from the selected point also from thef 

point a horizontal line representing -f *019 units of 
force, the diagonal of the rectangle constructed on 
these lines as sides will represent the resultant of 
all the given forces in magnitude, direction, and 
position. 

The 47tli Proposition of the First Book of Euclid 
tells us that if a square be constructed on each of 
the three sides of a right-angled triangle, that con- 
structed on the side opposite the right angle will be 
equal in area to the surnoftheareasoftlieother 
two squa, res described on the sides containing the 
right angle, and hence the rule given above. 

If we place on to the diagonal of this rectangle 
an arrow-head showing the sense or sign of the 
force in agreement with the signs of its components, 
as in Fig. 8, then the four constituents of the re- 
sultant force, viz., magnitude, direction, sense, and 
position, are all represented as the result of our 
calculation and construction. Some students prefer 
to trust to calculation alone, hence the following 
general rule becomes necessary : if e represent tire 
angle which the resultant makes with the horizontal 
(po.sitive) position, 

then tan. 9 = sum of vertical components 

~ sum of horizontal components. ' 

This agrees with the result obtained by the construc- 
tion shown in Fig. 4, but the method here intro- 
duced may commend itseif to some students rather 
than the other, being more accurate if care is taker, 
to use the proper signs. Any convention mav bc5 
adopted in regard to .signs, so long ns components 
acting in opposition have oj?j)osite signs. 

It is^ not at all necessary tliat the student who 
uses this method should understand trigonometrv ; 
ho may simply regard tho sine and cosine of an 
angle as numbers to be obtained from any book of 
mathematical tables. 

However, the graphic method previonslv referred 
to commends itself more readily to the' practical 
man; there is less risk of a large mi.stake being 
made, and a smaller amount of mathematical know- 
ledge is required, when that method is adopteC 



CARPENTEY AND JOINERY. 


■ ; CAEPENTRY' ANTD: JOmEEy.--I. 

By B. a. Baxter, 

» , INTRODUCTION. 

Technically speaking, a ca^yoiter is a worker in 
timber for building. Tins definition fairly and 
shortly gives the meaning that the word conveys, 
and therefore it will be adopted in these lessons. 
The word joiner may be regarded as indicating a 
worker who by fitting timbens together produces 
the neater finishings of buildings. It is, however, 
so difficult to draw the line between them that we 
* shall regard carpentry as leading to joinery, 
and afterwards point out the differences and re- 
semblances between the joiner and the cabinet- 
maker, whose business it is to make the furniture 
and the movable fittings of our houses. 

The carpenter, then, may be said to have his 
primary business with the carcasses of buildings, 
Soon after the bricklayer has begun to erect the 
walls, the carpenter is called upon to prepare 
sleepers, joists, and v^all plates. The.se timbers are 
usually of deal, and are, or should be, specified by 
the architect to be provided to sizes that can 
readily be obtained. These sizes, which are very 
various, cover suitable dimensions for nearly all 
purposes, and can be ascertained of almost any 
timber merchant or from any buildeds price book. 
The principal widths of these are 7 inch, usually 
called battens; 9 inch, called deals; and 11 inch, 
called planks. Tliicknesses also vary, and though 
3 inches is a very frequent thickness, there are 
4-irich deals, while battens are frequently but 2-| 
inches or even less in thickness. 

Slcej^iCTB are timbers of oak or deal in the base- 
ment of a building supporting the joists, which in 
turn support the floor boards. The sleepers are 
arranged parallel to the intended floor boards and 
at right angles to the joists ; they are either sup- 
ported by ]piers built at intervals on purpose, or on 
narrow dwarf walls, on which they are “ bedded ” 
with mortar. It is probably from this “ bedding ” 
that the curious term is derived ; for when in 
double-framed flooring a similar set of timbers are 
employed in upper storeys the term “ sleeper ” is not 
applied, but the timbers are called “ bridging ” and 
binding ” joists. 

Joists are timbers used to support and fix a floor. 
The term is only applied when the timbers are 
laid horizontally, and for the support of a floor or 
ceiling. In single floors one set of joists are used 
for both purposes, the ceiling being usually made of 
laths and plaster fixed to the lower surface of the 
joist. In double-framed floors, however, floor joists 
and ceiling joists are separate timbers. 

Vi^ll Plates are horizontal timbers built into the 
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wall in order to fix joists or rafters/ Wall plates 
also contribute largely to the security of the whole 
building by forming a longitudinal tie and distrib- 
uting the load over a greater surface. Wall plates 
are only so called when they rest on the brickwork ^ 
in cases where any timbers rest only on their ends 
in opposite walls, although provided for the sup- 
port of joists, etc., such timbers are either girders 
or bressiimmers. 

Girders are main beams of wood or iron which 
the floor, and are intended to bind the 
whole structure together. Girders are often sup- 
ported at intervals by columns or posts of iron or 
wood. 

jBressunmiers are also either of wood or iron, and 
are usually so called when forming part of an 
external wall or when supporting a wall or partition. 
Eressummers usually also support the ends of joists, 
though the name would still be applied to any 
beam supporting a wall, even if no joists were 
secured to it. In shop fronts the bressnmmer is not 
always at the requisite height to hold the joists of 
the upper floor. In such cases it is higher, often 
leaving room below for revolving shutters, giving 
an appearance of greater height, and by its raised 
position giving opportunity of so placing the 
shutters that they do not diminish the height of 
the shop. 

The quality of timber varies very much and 
depends considerably on the proportion of sap- 
wood. In the great majority of timber trees this 
is the outer and immature part, and is the first to 
decay. The exception to this rule is when the tree 
is very old and the heart wood has already begun 
to decay, or wffiere the life of the tree has survived 
storms or disease. 

Yeiy old trees, although apparently sound, are 
often found to be partially decayed in tlie middle 
of the trunk, so that the elasticity and hardness 
of the wood are replaced by a characteristic brittle- 
ness. . ■ ■ 

As long as a tree is in a healthy condition its top 
or crown retains its small branches, but when these 
cease to send forth leaves and break off, it is a sign 
of decay, and the tree should be cut down and put 
to some use, for if allowed to stand, its decay, 
aided by parasitic insects, will proceed rapidly 
until there remains nothing but a shell composed 
of the growing zone and a few of the last annual 
rings, and its value for any purpose will be very 
much diminished or entirely lost. 

A broken-off branch will leave a wound which 
may furnish an opportunity for fungus spores or 
boring insects to begin the destruction of the wood. 

In deal timber the sap-wood is too obvious to 
need description. Its bluish colour, and its ready 
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sibsorption and retention of moisture, its greater 
.shrinkage, and its inferior appearance, unite in 
marking it as comparatively of little value. Such 
wood ought never to be used in any important work 
or in any exposed situation. 

One of the difficulties of wood-working is the 
liability of timber to shrink. This shrinkage takes 
place in the width of the wood, scarcely at all in 
the length, and is greater in the exterior layers of 



wood than near the centre of the tree. When it is 
remembered that the diameter of the tree remains 
almost the same while the circumference di- 
I minishes, the existence of cracks or, as the work- 

calls them, “ shakes,” becomes easily under- 
/ stood. Imagine a wheel the spokes of which re- 

main almost unaltered, while the felloes and tyre 
become considerably shorter ; a breaking must take 
place, and in the timber this breaking takes the 
j, form of “shakes.” If, however, the tree is cut 

into planks while still damp and, therefore, before 
■ the shrinking has begun to cause these shakes, 

I particularly in thin boards — W'arping takes 

T P^ace instead of cracking, and as the drving pro- 

gresses the surface of the board nearest the bark of 
'f ^ree becomes concave or hollow, while the side 

i nearer to the centre becomes convex (Figs. 1 and 2). 

To obviate this, timber trees are frequently cut 
through the centre and again at right angles to the 
first cut, thereby converting the log into four parts ; 
this is termed cutting “on the quarter.” Such a 
plan gives a greater amount of ornamental appear- 
ance of surface, but diminishes the width of the 
3). It is therefore only adopted in 
biases where the appearance rather than the width 
of the boards is of importance. The appearance of 
all wood having well-marked medullary rays is 
more attractive when those rays are parallel, or 
nearly parallel to the surface that is seen. Wood, 
under favourable conditions, will last for long 
pi periods of time. The most favourable conditions 
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are dry places and protection from insects and 
wood-boring grubs ; this protection may often bo 
given by paint, varnish, or even linseed-oii on the 
surface. The most unfavourable places for wood- 
are damp, warm, and dark un ventilated situations, 
especially if decayed organic matter is present, and 
wdiere the wood is alternately w^et and dry, as in 
piles or posts in tidal rivers. In the first case, 
various fungi literally feed upon the wood, the 
conditions being favourable for their growth; and 
in the second, it has been noticed that decay takes 
place in the space between' high and 'low ’water- 
marks, between wind and water as the commoir 
phrase puts it. It ought to be remembered that 
the durability of wood is not in proportion to its 
hardness, for all the pines, firs, etc. (conifers), 
though soft in working, are very durable, no doubt 
owing to the resinous quality common to them all ; 
wdiile beech, ash, elm, and other harder woods are 
either (as beech) subject to worm or (like elm) to 
fungoid growth. The suitability of wood for glued 
work is a matter for consideration. Of the ordin- 
ary woods in common use pitch-pine and rosewood 
appear to be among the worst. In those woods, 
therefore, glue mu.st not be implicitly relied on,’ 
but wdll be aided by such forms of construction as 
will render the structure less dependent on its 
tenacity. Mahogany, yellow pine, oak, ash, and 
walnut appear to hold glue well. 

There is another consideration concerning wood 
that ought to be mentioned, viz., twusting or winding. 

If a piece of wood — say, a telegraph pole exposed to 
the weather— -be examined from time to time, the 
cracks or shakes which occur through the drying of 
the outer surface (which was, of course, the sap’-wood, 
and most charged with moisture) will be seen to 
have a sphal tendency. It is said that a pine tree 
will, while growing, make a whole revolution 
between the ground and its lowest branches ; if 
this be so, probably it is caused by the tendency of 
the tree to follow- the sunshine, and as the sunny 
side is (in northern temperate latitudes) the 
southern side of the tree, it appears probable that 
the tree grows upwards and from east to south and 
west : certainly timber does twist and change its 
form, so that a flat board of unseasoned wood be- 
comes twisted, or as the workman w-ould say, “ in 
winding.” As far as the present w-riter has ob- 
served, some sorts of white deal are more prone to 
this defect than any other wood in common use. 

It may be that this tendency of timber trees to 
grow towards the light may explain why some 
tropical wood appears to have alternate portions, 
behaving in a contradictory manner when the 
workman’s plane is applied to it. If this explana- 
tion is incomplete, there is no doubt aboi<-. the 
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iact that wood that is cut and planed fiat will often 
twist and become “winding.” Nor are some of 
those expedients sometimes adopted, such as 
• inoistening* one side, or warming the other, or both, 
of any permanent value, for at the best such treat-’ 
ment onl}' serves for the time; the only permanent 
cure for a winding board is, if thin, as a panel, to 
fix it in a plane ; or, if stout, to cut it into smaller 
pieces, or to reduce it to a flat surface by planing. 
It may be useful to remind our readers that to cut 
a winding board into two equal parts reduces the 
winding to one fourth, while if the board is cut 
*iiito four equal parts the winding only amounts to 
one sixteenth of its previous extent. 

This is an argument for cutting stuff to required 
<limensions and seasoning it in small pieces, and a 
reason why the joiner does not generally prepare 
his rails in long lengths, afterwards dividing them 
as required. This seasoning in small pieces is be- 
coming increasingly the custom in the timber trades. 
The seasoning is more quickly accomplished, 
shakes are avoided or lessened in extent, warping 
and winding taking place instead, but are limited 
by the smaller dimensions of the pieces of wood. 
All wood thus cut and exposed to the air for 
seasoning ought to be protected from the direct 
rays of the sun, and drying at the ends should be 
retarded by painting, tarring, or glueing the ends 
of the wood, for it is the rapid drying and, there- 
fore, shrinking of the wood at the porous ends that 
causes the cracking, or shakes, which too frequently 
spoils several inches of the ends of the pieces while 
seasoning (Fig. 4 : A, shakes ; b, cup shake). 

TOOLS. 

The typical tool of the carpenter may be said to 
be the sdw^ and, though the timbers — "previously 
referred to as being obtained ready cut to the 
proper dimensions— are sawn by machinery before 
the carpenter is called upon to deal with them, yet 
some sawing must be done by hand. A saw ’is a 
tool formed of a plate of steel, the teeth being 
usually formed by cutting away poi'tions of the 
edge of the plate, thereby leaving sharp projections 
which may be restored when blunted by deepening 
the cut-out portions with a file or otherwise. The 
projections or teeth act as scrapers, each of which 
removes a small portion of the material, which 
remains in the notch or space between the teeth 
till driven by the movement of the saw to the 
exterior of the wood. It will be seen, therefore, 
that the spaces between the teeth ought to be 
large enough to contain the waste material re- 
moved by the scraping action of the tooth. It will 
be seen that the stroke of the saw ought to be 
greiSter than the distance through the wood being 


cut, otherwise some of the teeth will always be 
within the thickness of the wood, and as soon as 
the portion of wood removed by them fills the space 
between any two teeth, such portions of wood will 
prevent the teeth from any further action until the 
saw is removed to liberate the sawdust. From 
these considerations it will follow that the larger 
the wood to be cut the longer the stroke must be, 
and the larger the space between each tooth; and 
therefore that the saw must be proportioned to the 
work in hand. 

The saw moves in a groove made by itself ; it is 
therefore obvious that the teeth should remove 
enough material to allow the saw to move without 
undue friction. To this end all reciprocating saws . 
must have the back reduced or the front increased 
in thickness. Both these precautions are adopted 
and the advantage secured: the back is reduced 
in the manufacture of the saw and the front is 
practically made thicker by the setting of the teeth. 
This consists in bending the point of each tooth 
alternately to the right and left, so that in effect 
the front or cutting edge is thicker than the back 
of the saw, and the worker has the convenience of 
being able to “ set ” the saw more or less, according 
to the wood he is engaged in cutting. 

Saws that are used with a thrust must be stout 
enough to resist the bending that would occur to a 
thinner blade, or else the blade must be put in 
tension by a frame or otherwise. These remarks are 
necessary for beginners, but for fuller particulars 
see “Cutting Tools.” Saws used by carpenters must 
be of suitable dimensions, not exceeding 30 inches 
in length. Such a saw, termed a rip saw, having 
about three teeth to the inch, is used to cut along 
or parallel to the grain of the wood, cutting strips, 
tenons, etc. A hand saw, which is a trifle smaller* 
is needed to cut across the fibres: it has smaller 
teeth, about five or six to the inch. A hand-saw 
can be used for ripping, especially hardwood ; it is 
also used for cutting shoulders of tenons in large 
wmrk, and, as its name implies, it is handy for many 
purposes. A narrow saw will be required for cutting 
curved lines; these may be had under various 
names, but that termed a compass saw will be 
suitable. A large tenon saw will be of service, but 
smaller saws are chiefly used by joiners and 
cabinet-makers. 

Axes and adzes are used by carpenters to reduce 
projections, tenons that are too large, and to level 
rough timber. The adze is a, very efficient tool for 
this purpose, giving good results in competent 
hands. For the reduction of smaller surfaces than 
those treated by the axe or adze we have the chisel 
in several forms suitable for various purposes. 

These are called socket, mortise, sash, coach- 
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maker’s, firmer, and paring chisels. Of these the 
socket chisel is the strongest for general purposes. 
Mortise chisels (with which may be grouped sash 
chisels), as the name implies, are used for mortising 
only. They are made from i-inch to about |:-inch, 
and, with sash chisels, which are a lighter variety 
of mortise chisels, are joiner’s tools. ^ The socket 
chisel, however, is well suited for heavy mortising, 
and can be had from rl-inch to 1^-inch, or even 
larger. It derives its name from the steel blade 
being united with a hollow iron socket, into which 
the "Wooden handle is driven. 

A mallet of hard wood, usually beech, is needed 
to drive the chisel used for mortising. This, of 
course, must be lU'oportioned to the work. A 
carpenter obtaining a piece of any hard wood may 
easily furnish himself with a good mallet. 

The other chisels mentioned are of various 
thicknesses in the order named ; the paring chisel 
being the thinnest, and suitable for use with the 
hand alone. Boring tools of various sorts are used, 
especially in modern practice, iron bolts and straps 
being frequently introduced. These tools have 
been much improved, and both augers for hand use 
and smaller bits for use with the brace may now be 
had which combine several excellent features. An 
auger is a boring tool which is used with a handle, 
and is in eifect a largo gimlet. Th^se improved 
boring tools have (1) a screw point by which the 
tool is drawn into thewood ; (2) one or more chisel- 
edged circle-cutters which define the boundary of 
the hole ; (3) one or more cutters which remove the 
core; (4) the stem of the tool has a spiral groove 
or grooves by which the cut-away material has an 
easy way of escape. These four features constitute 
all that is needed to make a good and efficient tool. 

A new boring tool has been introduced which is 

guided by the circumference and not by the centre. 

By this means it can bore a semicircular recess on 
the edge of any piece of wood; it is, however, 
expensive, and too delicate for our present purpose. 
Hammers to drive spikes, holts, etc., are too well 
known to need description. Hammer handles 
should be oval in section, strong enough to stand 
the work, and yet not too stout to yield somewhat 
to the blow ; a strong, tough, and elastic wood, 
such as ash, hickory, or lancewood, is suitable for 
hammer handles. Squares are the carpenter’s model 
right angle which he uses instead of obtaining the 
right^ angle geometrically ; this is on the same 
principle as the draughtsman uses a T-square. 
Laige squares for plotting out the ground and 
squaring the building walls are often made of , 
wood. Three selected fiooring boards are fre- 
quently used. A large square of this kind is most 
easily made by putting Euclid, Prop, xivii., Bk. I., 


i to practical use. There are , three very simple ' 
. numbers, the squares of two of which equal the 
I square of the third, viz,, 3, 4, and 5, the squares of 
f 3 = 9 and. of 4= 16, added together, are equal tcT' 

, 25, which is the square of 5. If, therefore, three 

pieces of "wood having holes bored on a centre 
; line and at these proportionate distances are bolted 
together, a true right angle will be the result, and a 
useful square easily made. Of course the right- 
angled corner can be halved, and each of the pieces 
must be parallel and of equal width throughoiit. 

Bevels for angles other than a right angle must 
be included in the carpenter’s outfit ; ' for large 

work they can be made of wood, or partly of wood 
and metal, a finely threaded thniiibscrew bein<^*' 
very suitable for the centre and to fix the blade. A 
spirit-leveLwill be required ; if the workman fixes 
the tube himself, as he may have to do in making 
large levels, he must fix the right side up. These 
tubes are generally nearly parallel, but slightly 
curved the convex side vmist be uppermost, or the 
bubble may divide and the level be useless. If the 
block in which the level-tube is placed is 12 inches 
long, the estimates of error in known lengths can 
more easily be made. Plumb-rules, lines, and 
plummet will be required. In this connection an 
excellent plummet may be mentioned, having a 
sharp point at the lower part of the weight, the 
whole being accurately turned. By this means a 
point can easily be marked exactly vertically below 
the point of suspension by lowering the weight. 

A strong pair of compasses, for scribing and 
marking arcs, will be required ; a good rule, if 
with scales similar to the working drawings, so 
much the better ; screw-drivers, wrenches, either 
fixed or adjustable, one or more marking gauges, a 
mortise gauge, a variety of gimlets" and nail 
punches, a couple of steel-bar chisels — one for 
prising and one for cutting brickw’ork. 

1 he sharpening of edge tools, such as chisels and 
pMne-irons, forms a part of the beginner’s difficulty. 

The selection of a suitable stone is the first con- 
sideration. Of these Carnarvon is cheap but slow 
in action, anaking fine edges, however. Washita is 
faster and is a favourite stone. Charnley Forest is 
vei} fair and moderate in price. Turkey is some- 
times very good, but the quality is very variable ; 
it is expensive. ^ Arkansas is excellent for hard, fine 
steel tools ; it is very expensive and slow-cutting, 
but makes a very fine edge ; being very hard, it is 
durable and especially suited for small tools. 

The sharpening of chisels and plane-irons is 
done by rubbing the tool upon the stone, which is 
moistened with any thin, non-drying oil ; the angle 
should be about 35^ and should be kept as constant 
as possible— this is a matter of practice—anct the 
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stone kept clean, enough oil being on it to make 
the sharpening easily clone. 

When, by rubbing carefully^ the worn edge has 
^)een removed, the flat surface of the tool must be 
rubbed, keeping the tool quite flat on the stone, in 
order to remove the small portion of steel that is 
bent over by the rubbing of the bevelled edge : 
this is called removing the “ wire edge,” and the 
less there is to be removed the better. See the 
2 *emarks on this subject in “ Cutting Tools.” 


: * 'WGOL^ WORSTED ^ ■ 

SPINTNUSTG.— 1. 

■By Walter S. B. McLaren, 'M.P. 

THE KxiTURE OF WOOL. 

1. To understand the processes of the worsted and 
woollen trades, and the principles which underlie 
them, it is necessary to be familiar with the growth 
and nature of wool. Many writers have discussed 
the difference between hair and wool without 
arriving at any satisfactory definition, and it is 
only by careful microscopic examination that a 
knowledge of the distinction has been obtained. 
Chemically they are the same, and wool is merely 
a variety of hair. There is no absolute dividing 
line between them, and though a person accus- 
tomed to wool would not have much difficulty 
in saying which of two samples was hair and 
which was wool, yet the fine hair of some animals 
so nearly approaches wool, and the coarse %vooi of 
some sheep is so like hair, that confusion might 
easily arise. The two characteristics wffiich dis- 
tinguish wool from hair are the curl in each fibre 
and the almost innumerable scales or serratures 
which cover its surface, and all of which point 
from the root to the tip, with the points standing 
out, thus giving it an appearance like the edge of 
a saw’, or a fir cone. Hair, on the other hand, is 
straight, and though its surface is also^ covered 
with similar scales, they are all fastened' dowm so 
firmly that no points or edges stand out, and thus 
its surface is perfectly smooth. The chief authority 
on wool is now Dr. F, H. Bowman, whose wmrk 
on the structure of the w-ool fibre exhaustively 
discusses every branch of the question. ‘‘ The 
true distinction,” he says, “ between wool and hair 
lies in the nature of the epidermal covering with 
which the cortical part of the shaft is covered, and 
in the method of attachment of the scaly plates 
or flattened ceils to the inner layer upon which they 
rest, and not upon the curly nature of the whole 
fibre itself, although there can be no doubt but 
that this wvaved appearance is one of the chief 
characteristics of wool. ... In the wool the 


cylindrical or cortical part of the fibre is entirely 
covered with very numerous lorications or scales, 
the free ends of which have a pointed rather than 
a rounded form. This enables them when opposed 
to each other to find their way under the opposing 
scales, and' to penetrate inwards and downw^ards 
proportionately to the pressure which is applied to 
bring them together. In the wool fibre, also, the 
free margins of the scales are much longer and 
deeper than in the hair, where the overlapping 
scales are attached to the under layer up to the 
very margin of the scale, v^hich can, at its extremity 
even, only be detached by the use of a suitable 
reagent. In wool this is quite unnecessary, because 
the ends of the scales are free to about twm -thirds 
of their length, and are, to a certain extent indeed, 
turned partially outwards, as can readily be seen 
by looking at the edg*es of the wool fibre (when 
magnified) where the denticulated structure is 
quite distinct against a dark background.” 

2. Growth of Wool . — The growth of wool is, in 
its chief featurevS, similar to that of hair. Mr. 
Youatt, a well-known writer on the subject, thus 
describes its development and anatomy ; — “ The 
skin of the sheep, and of animals generally, is 
composed of three textures. Externally is the 
cuticle or scarf-skin, which is thin, tough, and 
devoid of feeling, and pierced by innumerable 
holes, through which pass the fibres of wool and 
the insensible perspiration. Below this is the rete 
mucosum, a soft structure, its fibres having scarcely 
more consistency than mucilage, and being with 
great difficulty separated from the skin beneath. 
Below this is the true skin, composed of innumer- 
able minute fibres, crossing each other in every 
direction, highly elastic in order to fit closely to 
the parts beneath, and to yield to the various 
motions of the body, and dense and firm in its 
structure that it may resist external in j ury . Blood- 
vessels and nerves, countless in number, pierce it, 
and appear on its surface in the form of papillje, 
or minute eminences, while through thousands of 
little orifices the exlialent absorbents pour out the 
superfluous fluid. In the fatty and cellular sub- 
stance immediately beneath the cutis or true skin 
—some say embedded in the true skin— there are 
numerous minute vascular bulbs ; they arise from 
the cellular texture, and penetrate into the true 
skin ; they consist of adouble membrane, the outer 
one of which stops at the pore, or minute aperture 
in the skin, and between the two membranes a 
vascular texture has been traced. From the in- 
terior and centre of the inner membrane there 
proceeds a minute eminence or papilla, which, 
Surrounded by the membrane, projects into and 
through the cutis, while numerous fine filaments 
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unite to form or to surround a seeming prolongation 
of the original papilla. In this way it gradually 
penetrates the cutis, the rete mucosum, from which 
it takes its colour, and then, either pushing its 
way through the cuticle— the displaced portion of 
which falls olf in the form of scurf — or carrying a. 
part of the cuticle with it as a kind of sheath, it 
appears under the form and character of hair.” 

3. Formation of the Fibre . — It must not, how- 
ever, be supposed that a fibre of wool is a solid 
structure forced through the sMn in the form in 
which it is afterwards seen. The papilla just 
mentioned is composed of a great number of very 
minute cells containing fluid, which is obtained 
from the blood when that is in a proper condition 
for supplying it. These cells group together, some 
in the centre, otJiers round them. As they force 
their way through the cuticle the fluid evaporates, 
causing the membrane which forms the cells to 
collapse ; and thus the fibre is created by all the 
fluid in those cells evaporating, and their walls 
shrinking in and forming a hollow stalk, which is 
the cylindrical or corticle part of the fibre, and 
round which the outer cells are grouped. This 
cortical part of the fibre is the same both in hair 
and wool, but it is in the arrangement of the outer 
cells that the difference consists. They also shrink 
and form the serratures or saw-like edges which 
we have mentioned, and of which we shall pre- 
sently say more. Just as in a saw or a fir-cone 
each point overlaps the base of the one in front of 
it, so do the serratures of wool overlap each other. 
The reason of this is clear. As any given cell 
comes out from the skin the part in front shrinks 
first and forms a point. The remainder shrinks 
in its turn, and is flattened down. The next cell 
succeeding it is pushed forward, and overlaps its 
predecessor, forming for itself a point which covers 
the base of the one before it, precisely in the same 
way as one point in a fir-cone covers the base of 
the point in front of it. There is, however, this 
difference, that wool being gelatinous and of the 
same nature as horn, the membrane comprising the 
cells sticks together, and as each soft cell comes 
out, it forms both a partial covering and bed for 
its predecessor, and thus all together make one 
compact and continuous fibre. It must be re- 
membered that as the fibre is composed originally 
of cells, though dried up and shrunken, the cells 
always remain, and, under suitable conditions, can 
revert to some extent to their former nature. 
Being like horn, they can also be dissolved. It is 
these two facts which make the operation of wash- 
ing of so much importance, and underlie the 
property of felting or matting, which is so charac- 
teristic of’ wool, and which, in brief, may be 


described as that property which enables a number 
of fibres, whether woven or merel^v conipressed, to 
interlock and Join together, so that they form ojkj 
compact whole, and each fibre can no longer 
separated, or even distinguished. 

4. Wool, fihrous and j?orous. — Wool has a fibrous 

nature, and can be easily split : indeed, wlien an 
animal is in an unsound state of health its hair 
naturally splits from the point towards the root. 
It grows from the root, and constantly receives 
nourishment from the vessels belonging to its bulb. 
These vessels continue a short beyond the 

root, and in the case of a certain disease whiclu 
affects human hair, known as fliea polonlea, they 
enlarge even to the extent of allowing blood i<. 
pass up the hair, so that each separate hair, when 
cut, bleeds. This seems to prove that the fibre i.N 
a fine rube, although some persons have contended 
that it is flat and solid. In good health it con- 
tains a sort of pulp or oil which gives it softness, 
and adds to its brilliancy. When clean it is also 
translucent, and some sorts have a brilliant shining 
surface, known as lustre. Lustre depends on' the 
nature of the surface of the scales, and to some 
extent also on their size. It follotvs therefore 
naturally that very fine wool is less likely to b<‘ 
lustrous than coarser wool, because on the latter 
the scales or serratures are larger, and have a 
larger reflecting surface. But the quality is moi’e 
important than the size, and in those wools that 
reflect the light, and so are lustrous, the scales are 
smooth and polished. This quality may easily be 
detetruyed by washing, either if the water be too 
hot or the soap too strong. Lack of lustre does 
not, however, imply any inferiority in the vrool, as 
some of the finest and best wools are without it. 
It depends on the breed of the shee|>, and, in the 
lustrous varieties, on the way in which the sheep 
have been fed and attended to. 

5. Serratnrea of Wool . — As it is very important 
that the structure of the fibre should be thoroughly 
understood, with regard especially to the varying 
serrations in different classes of wool, and their 
forms, Mr. Youatts description is well worth 
quoting. He says :— •* There can be no doubt \vith 
regard to the general outline of the woolly fibre. 
It consists of a central stern or stalk, probably 
hollow, or at least porous, and possessing a semi- 
transparency not found in the fibre of hair. From 
this central stalk there springs, at different dis- 
tances in different breeds of sheep, a circlet of 
leaf-shaped projections. In the finer species of 
wool these circles seemed at first to be composetl 
of one indented or serrated ring ; but when the eve 
was accustomed to them' this ring was resolvable 
into leaves or scales. In the larger kinds th<j>> ring 






WOOLLEN AND WORSTED SPINNING. 


was at once resolvable into these scales or leaves, 
varying in, number, shai3e and size, and in'ojecting 
at diierent angles from the stalk, and in the 
direction of the leaves of vegetables, z.e., from the 
root to the point. The extremities of the leaves in 
the long merino and Saxon wools were evidently 
pointed with acute indentations or angles between 
them. They were pointed also in the South Down, 
but not so much, and the interposed vacuities were 
less deep and angular. In the Leicester, the leaves 
are round with a diminutive point or space. Of 
the actual substance or strength of these leafy or 
§caly circles nothing can yet be affirmed, but they 
appear to be capable of different degrees of resist- 
ance, or of entanglement with other fibres, in pro- 
portion as their form is sharpened and as they 
project from the stalk ; and in x^roportion, likewise, 
as these oii’clets are multiplied. So far as the 
examination has hitherto proceeded, they are sharper 
and more numerous in the felting wools than in 
others, and in proportion as the felting x^roperty 
exists. The concluvsion seems to be legitimate, and 
indeed inevitable, that they are connected with, 
or, in fact, that they give to the wool the x^ower of 
felting, and regulate the degree in which that 
X30wer is possessed. 

“ If to this is added the curved form which the 
fibre of the wool naturally assumes, and the well- 
known fact that these curves differ in the most 
striking degree in different breeds, according to 
the fineness of the fibre, and, when multiplying 
in a given space, increase both the means of en- 
tanglement and the difficulty of disengagement, 
the whole history of felting is unravelled. A 
cursory glance will discover the x^^-'oxjortionate 
number of curves, and the microscope has now 
established a connection between the closeness of 
the curves and the number of serrations. The 
Saxon wool is remarkable for the close packing of 
its little curves—the number of serrations are 2,720 
to an inch ; the South Down has numerous curves, 
but evidently more distant— the serrations are 
2,080, In the Leicester, the wavy curls are far 
removed from each other, and the serrations are 
1,860; and in some of the wools which warm the 
animals, but were not intended to clothe the human 
body, the curves are more distant, and the serra- 
tions not more than 480, The wool-grower, the 
stapler, and the manufacturer can scarcely wash 
for better guides.” Dr. Bowman shows that the 


Curves per Diameter of 

inch. libre. 

South Down - - - - 11 to It) Yoho 

Irish - - - - - - . -r to ll 

Lincoln - - - - - - 3 to 5 „ 

Northumberland - . - 2 to 4 n 

Authorities have not been able to decide what is 
the cause of these curves or curls, and Dr. Bowman 
states that he can assign no mechanical cause fur 
it, although it seems in some way to be occasioned 
by the unequal contraction of the cells on the two 
sides of the fibre, first in one direction and then in 
the other. He comes to the conclusion that, like 
the peculiar twdst in cotton fibre, the curl is inherent 
in the very nature of wool. But it is remarkable 
that both the twist in cotton and the curl in w^ooA 
increase with care in cultivation and breeding, and 
diminish with the want of it. Indeed, under un- 
favourable conditions wool deteriorates in every 
way and tends to revert to hair, which is straight 
and smooth. 

6. Serratures In, Various Wools. — ^Anyone can 
examine these differences for himself. Take some 
hairs and some fibres of iSoiith Down wool and hold 
them together. The hair will hang straight and 
smooth ; the wool will be curly, something like a 
corkscrew, and wdll have a waved appearance. If 
it is passed between the finger and thumb, begin- 
ning with the root end, and drawn out towards 
the .'point, it will feel smooth; but if the reverse 
way', it is sometimes possible to detect a feeling uf 
roughness, as if the fibres were resisting the pressure 
and passage of the fingers. With a microscope 
there is no difficulty in seeing the teeth-like edges 
which thus catch the fingers. They are generally 
likened to the edge of a saw, but the outside 
structure of wool is really more similar to that of 
a long thin fir-cone, rather thicker at the root than 
at the point, and covered with minute scales which 
stand out all the way round, and not merely at two 
flat edges like saw-teeth. 

The annexed diagram (Fig. 1), representing 
various wools, will illustrate this. The first five are 
each shown twice, as semi-transparent and opaque. 
In the former state they show the saw-like edges 
most clearly, but in the latter they appear as they 
really are, scaly indented fibres, with leaves lapping- 
over each other like a fir-cone. A is a fibre of 
merino wool, short, fine, and white, and suitable 
for fine cloth. Its diameter is about 
inch, and each inch has about 2,400 serrations, k 
is the finest Saxony wool, a cross between Spanish 
merino and native Saxon, and is one of the finest 
in the world. Its diameter is about of an 
inch, with 2,720 serrations. The next in fineness 
is B, the South Down wool, about of an inch, 
with some 2,000 serrations, o and d are Leicester 
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and Lincoln : both stronger, but the latter, which 
is the longest, heaviest, and brightest of English 
wools, has comparatively few seri'ations, and there- 
fore has largo scales. P is common wool, G is 
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goat's hair, and h mohair, the brighest of all wools 
— for it is a wool, though called hair. Cow-hair 
and human hair, i and j, are also given, the 
last being of all kinds of hair the softest and most 
wavy, though very different from the good wools. 
The coarsest English wool is about of an inch 
in diameter. The finest of all wools is said to be 
the American merino, and Dr. Bowmian states that 
he has seen fibres not more than of an inch 
in diameter, and with about 6,000 scales to the 
inch. But such extreme fineness is rare. 

7, Causes affecting Length and Qtiallty.—Tsxii 
three causes which affect the length and quality 
of wool are the breed of the sheep, the climate, 
and the soil. These might be reduced to two, for 
the breed of the sheep ultimately depends on the 
climate and the soil ; but it is more useful to con- 
sider different breeds as quite distinct. The present 
breeds have been obtained in some instances by 
careful selections of those sheep which had a ten- 


dency to produce such wools as the grower desired 
and as the climate favoured ; until now some?: 
sheep will only grow short wool if left in their 
native district. In other instances, probably the ^ 
most numerous, nature has deckled for her-’' 
self what length and quality of wool the 
sheep must produce in each country ; no 
matter what efforts the farmer may make tO: , 
the contrary, he can onlj^ perinanently rear 
short-woolled sheep wiiere nature favours 
short wool, and long-woolled sheep where 
she favours length. For instaiice, South 
Down sheep grown on the liglit soil and in 
the warm climate of the South of England 
produce short fine wool. If they were taken 
to the heavy soil and wet climate of Lincolm 
shire, they would gradually grow long and 
strong wool, which in time would probably 
become biught. The Australian sheep were 
originally imported from England, though 
they have been crossed with merino sheep. 
They now grow short fine wool, much finer 
than anything produced in this country. 
The farmers there, washing to increase their 
weight of wool, cross the breed wltli Lincoln 
and Leicester rams. The first year t he young 
sheep give long bright wool, the second year 
it is much shorter and finer, and each year : 
that the sheep is allowed to live it grows 
still shorter and finer, till it becomes nearly 
like the ordinary Australian wool. What is ? 
the exact part played by climate and what 
by soil— which means quantity and quality ? 
of food— it is not possible to tell, but it is 
certain that in the case of sheep more 
quickly than in the case of any other 
animal nature provides just such a covering* as they 
need for proper warmth. One writer lias said that 
“sheep carried from a cold to a* warm climate 
soon undergo a very remarkable change in the 
appearance of their fleece. From being very fine 
and thick, it becomes thin and coarse, until at 
length it degenerates into hair.” This statement 
has been endorsed by others, but, as has been 
shown from the example of Australia, it is by no 
means correct. It seems, however, approxirnntely 
correct of East Indian sheep, which grow short 
strong wool, in some cases like hair, and most of 
it cross-bred and kempy. It is liighly probable, 
however, that this is due to bad breeding anrl 
defective nourishmeint, and that if merino sheep 
were taken to India they could be I'earcd wfitli 
success, 

8. Triteness of breeding , — The property for vrhich 
wool is perhaps most valued is tnieness of breeding. 

In a true-bred sheep each staple of wool, that is, 
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«L‘aGh luck into which a group of fibres naturally 
roniis itself, will be of equal growth throughout, 
riie libre will be the same thickness as nearly as 
^possible the whole length, or will be finer at the 
point than at the root. There will be no shaggy 
rough wool in it. But if the sheei> be cross-bred, 
or ill kept and exposed to storms, the fibres will be 
rough at the points, and coarser there than at the 
roots; the reason of this being that as the wool 
gets longer, or as it is more exposed to bad weather 
and hard treatment, natoe makes it stronger to 
resist wiiat it has to encounter, while the part 
^iisviuch is next the skin remains fine to give greater 
svanutli. Such wool, even when combed and spun 
into yarn, never lies as smoothly and evenly as 
ti'ue-ljred wool, and is consequently not of as much 


TECHNICAL EDUCATION: 

IN THE UNITED KINGDO'n-r. 

Bv PEOPE.-i5.sOR W. Ripper, 

TecJinical Sehooly Sheffield. 

Technical Education, a term which only a few 
years ago was quite unknown, has, from .small 
beginnings, within the space of a few years, become 
a subject of absorbing interest to educationists, 
and to all who have the industrial interests of the 
country at heart. 

It had long been felt that the education of the 
youth of an industrial nation like Great Britain was 
singularly deficient in that kind of training and 
instruction which should have special reference to 
their future industrial needs. The importance of 
some such provision became more than ever evident 
at the first great Exhibition of 1851, when it began 
to be realised how powerful was the competition 
that might be expected in the future from our 
Continental neighbours. 

Since the time of the great inventors and the 
industrial revolution which followed tiie introduc- 
tion of machinery, enormous changes had been 
made in the conditions of manufacture. The 
apprenticeship system had broken down ; instead 
of the master-craftsman with his apprentice living 
as one of the family, and acquiring his training as 
a skilled worker under the direct supervision of his 
master, this domestic system had now given place 
to the factory. The master -was no longer the 
skilled craftsman, but the capitalist ; complicated 
machinery now^ did the work which was formerly 
done by hand — the machine tool was largely dis- 
pilacing hand labour; division of labour was be- 
coming more and more developed every day. The 
w'ork of the workshop had become a series of 
specialties, many of which required little skill on 
the part of the workman, who was in fact a machine 
attendant rather than a skilled craftsman. 

These changes had evidently resulted in the 
gradual disappearance of the class of highly skilled 
workers, and the substitution of the machine tool 
and its attendant, from whom, in many instances, 
little skill was demanded. 

On the other hand, while the introduction of 
machinery had led to the supplanting of the skilled 
hand worker, a new demand upon the intelligence 
and mechanical skill of the country had arisen. It 
foecame evident that, in the future, success would 
depend more upon processes of manufacture, per- 
fection of machinery and mechanical or chemical 
methods, than upon mere skill of hand, and this 
involved the necessity for the spread of education, 
not only of an elementary, but of an acb’anced 
character. This condition of things had been 
realised by Germany and France, but as yet little 


There is another sort of wool which farmers 
do not seem to understand, and writers on the 
subject often ignore, but which is found more or 
less on all cross-bred .sheep, and on sheep which 
are much exposed and fed in hilly districts. This 
is known as “ kemp,” or dead hairs. These kemps 
vary in length and coar.seiiess . according to the 
breed of sheep. In white Highland sheep they 
are about two inches long and ver 3 " thick ; in cross- 
bred Australian they are very short. In the former 
they cover the under .side of the fleece so as almost 
to hide the wool ; in the latter they are so few as 
not to be of any importance. In some cases half 
a fibre is true wool and the other half is a kemp, 
wliich appears to show that some neglect or disease 
has caused the sheep to alter the structural cha- 
ra,cter of its wool; though chemically there is no 
difierence. Kemps are, however, all alike in this, 
that they are a brilliant shining white .(except on 
sheep with grey wool, when they may be black), 
and they will not dye the same colour as the rest 
of the wool. The}' consequently depreciate the 
value of the wool very greatly, making it only 
suitable for low-priced goods. They seem to be 
fibres of wool, posses.sing no cellular structure, 
w’ Inch, owing to the coarseness of the breeding of 
the slieep, or owing to its exposure to rough weather, 
have been killed, so far as power to grow long is 
concerned ; but' they grow in thicknes.s and hard- 
ness till they become solid, glazed, and horny, 
and thus are ’unable to receive the substance of 
the dye. They never . alter in the processc*s of 
carding, combing, or spinning, nor do they unite 
with the rest of the wool to form the thread, but 
lie on the surface, only held down by other fibres 
of wool which may be wrapped round over them. 
It should be the object of every breeder of sheep 
to diminish, if possible, these very kempy varieties 
of w^ol. 
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or no effort had been made in this country for the 
promotion of any national system of science 
instruction. 

At the time of the Expodtion Vniverselle of 1867 
at l^aris, a letter was addressed by one of the most 
<listinguished of British jurors to the Chairman of 
t’m Schools Inquiry Commission then sitting, in 
which the following questions were virtually 
raised : — 

hlrstly, “ Is England really losing her advanced 
position in those industries which involve the 
application of scientiffc knowdedge to produc- 
tion?’^ 

Secondly, “ Is this retrogi’ession due to her com- 
parative backwardness in the diffusion of applied 
science?” 

Such questions as these are sufficient to show the 
feeling that prevailed as to the importance of pro- 
viding in some way for the improved education of 
the young British workman. It will now be our 
endeavour to show' what has been done in this 
country to meet the new' demands. 

Some attempts had been made to introduce 
scientffic instruction by Lord Brougham and other 
educationists who formed the “Society for the 
Diffusion of Useful Knowledge” and founded 
Mechanics’ Institutes. These institutions did a 
noble educational work in their day ; but they 
were only taken advantage of by the few — the 
better educated sons of the more intelligent work- 
men, clerks, and others, whose education was 
sufficient to enable them to profit by attendance at 
lectures and classes ; the condition of our system 
of national education was by no means such as to 
enable the sons of the working classes in general 
to profit by such instruction. 

In the year 1835 a Select Committee of the House 
of Commons was appointed “to inquire into the 
best means of extending a knowledge of the Arts 
and of the Principles of Design among the people 
(especially the manufacturing population) of the 
country.” This committee recommended the estab- 
lishment of schools of design, and in accordance 
with their recommendation a committee was formed 
composed of certain Royal Academicians and 
others interested in art. These gentlemen con- 
stitute;! the council of the first Government school 
of design, and the school opened on the 1st of 
iTiine, 1837, in Somerset House, where certain rooms 
had been granted for the accommodation of the 
school. . , 

In 1841 the Government decided to assist in the 
formation and maintenance of schools of design in 
the manufacturing districts of the country, and to 
give annual grants for the training and payment 
of teachers, the purchase of casts, and the prepara- 


tion of models for the use of the schools; and in 
1852 there %vere seventeen branch schools in such 
centres of industry as Manchester, Birmingham, 
Glasgow, Leeds, and Paisley. An inquiry into 
these schools showed that they w’ere not work ini;- 
satisfactorily, and in November, 1852, at the openimr 
of Parliament, Her Majesty stated that “The 
advancement of the Fine Arts and of Practical 
Science will be readily recognised by you as worthy 
the attention of a great and enlightened nation. 
I have directed that a comprehensive scheme shall 
be laid before you, having in view the promotion of 
these objects towards W'hich I invite your aid ami 
co-operation.” In the following year, 1853, the 
Science and Art Department wms created. 

This was the first great scheme of purely scientilir 
training ever started by oiir own, or any other 
Government. “It was,” as Professor Huxley says. 
“ the creation of a people’s scientific uni\'ersitY;’ 

It will be evident that, from the beginning, the 
intention of the Government wms to aid instructioi'i 
in such science and art as sliould have special 
bearing upon industry, and the kind of training 
desired was of a distinctly technical and practical 
character. 

Seienee Teaching . — It was not until a few’ years 
later that a general system of making grants applic- 
able to the wdiole country wms formulated. 

Experimental schools were opened at various 
centres, but after a short time many of them failed, 
and in 1859 the only places where science classes 
were in operation under the department w’ere, 
Aberdeen, Birmingham, Bristol, and Wigan (ex- 
cluding the navigation schools), and the total 
attendance at these classes was only 395. In the 
same year, 1859, the first science minute wms passed 
granting State aid tow'ards instruction in any of 
the following six subjects : — 

1. Practical plane and solid geometry, with 
mechanical and machine drawing, 

2. Mechanical physics. 

3. Experimental physics. 

4. Chemistry. 

5. Geology and mineralogy, 

6. Natural history including zoology and botany. 

The teachers w'ere required to obtain from the 

Department by examination a certificate of com- 
petency to teach, and payments were made to the 
teachers on the results of the examination of their 
pupils. This wm,s the first experiment by the 
Government in a general system of “ payment by 
results.” 

The number of new schools and classes rapidly 
increased, and the progress of the work of science 
teaching throughout the country may be gathered 
from the following table : — In 
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1862— 70 schools, with 


1882—1,403 

1891—2,1(54 


2,543 pupils in 140 classes. 
3(5,783 ,, 2,803 „ 

68,581 ^ „ 4, SSI : ,, 

148,408 ,, 8,508 ,, 


- The list of science subjects upon instruction in 
which aid is given by the department has now been 
increased to twenty-five. 

SGholO'rships.-— Among the important encourage- 
ments to the study of practical science should be 
mentioned the valuable scholarships founded by 
Sir Joseph Whitworth in 1868 of the total value of 
£63,000 per year, “for the purpose of promoting the 
mechanical industry of this country by aiding 
jOiing men in acquiring proficiency in engineering.’’’ 
These scholarships are administered as follows 

Thirty exhibitions, each tenable for one year, 
some being of the value of £100, and the rest of £50 
each. Twelve scholarships, tenable for three years, 
of the value of £125 a year each; four to be 
awarded each year. The limit of age for candidates 
is twenty-six years ; the competition in theoretical 
subjects is selected from the list of the Science and 
Art Department ; but the candidate is required to 
have been engaged in handicraft in the workshop 
of a mechanical engineer for at least three years. 

The effect of these scholarships it would be 
difficult to over-estimate. The list of Whitworth 
scholars is a long and honourable one, and it con- 
tains the names of men who are to-day occupying 
foremost positions in our engineering and ship- 
building industries, or doing important educational 
work. 


Further aids and encouragements to the study of 
science are offered by the Science and Art Depart- 
ment in the shape of Eoyal Exhibitions of the value 
of £50 per annum for three years, with free jnstruc- 
tion at the Eoyal College of Science of London or 
Dublin; 

National Scholarships entitling the holder to 
free instruction for three years at either of the 
above colleges, with a maintenance allowance of 
30s. a week during the session of about forty weeks 
each year. 


. Art Teac7dng. —The art division of the department 
had for its principal objects, as stated as long aa:o 
as 1852:— 


id) The promotion of elementary instruction in 
<1 rawing and modelling. 

(1)) Special instruction in the knowledge and 
practice of ornamental art. 

(tf) The practical application of such knowledge 
to the improvement of manufactures. 

The history of the art department has been one 
of continuous growth ; the number of students in 
schools of design before the formation of the 
department was 6,997, and the magnitude of the 
work ^t the present time will be seen from the 



following table, which shows the numbers receiving 
instruction in art during the years 1880, and 1890 
compared. 



No. of Persons under 
Instruction. 

1880. 

1 3890. 

Schools of Art - - 

Art Classes - - - . 

Elementary Schools - - - . 

Training Colleges . - . 

Summary - - . - 

30,239 
' 26,(546 

7(58,(561 
3,568 j 

44,7(58 

44,065 

.928,357 

3,551 

820,114 1,020,741 


T/w Moyal School of Mines and Normal School of 
These institutions have played an im- 
portant part in the scientific and technical training 
of the country, , and their origin and history 
demand some notice. From the “Calendar” of 
the department we learn that , the Government 
School of Mines was opened in 1851 in response to 
numerous memorials addressed to the Government 
by the mining districts of the United Kingdom. 

Nine Eoyal Exhibitions of the value of £50 each, 
with free instruction, tenable for three years, were 
given to the school, and many of the exhibitioners 
became teachers. Though not designed for that 
purpose, the exhibitions tended to make the school 
to some extent a training school for science 
teachers. 

The demand for trained teachers did not at that 
time exist to any extent, and had to be created. 
The stimulus, however, afforded by the offer of the 
Department of payment on the results of examina- 
tion was so effectual that the number of classes 
rapidly increased, and therefore also the need for 
more and better instructed teachers. 

Short summer courses were commenced lasting 
about three weeks, and these were taken advantage 
ofj and appreciated by, large numbers of science 
teachers, who received their travelling expenses to 
and from London, and a maintenance allowance. 
Thus a training school for teachers had, through 
the force of circumstances, come into existence, 
and in 1881, after complete reorganisation, the 
school Avas opened under the title of “ The Normal 
School of Science and Royal School of Mines.” 
This title has since been changed to that of “ Eoyal 
College of Science, London.” 

The National Art Training School , — This school 
is a development of the School of Design originally 
held in Somerset House, hut afterwards removed 
to South Kensington. As with the Royal College 
of Science, its special object is the training of 
teachers or persons intended to fill positions as 
designers or art workmen. Special facilities are 
offered in the shape of National Scholarships with 
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Uiinriienance allowance, to be competed for at 
the animal examinations of the Department. The 
e.ourso of instruction in the school covers nearly 
(‘Very department of art. 

The foregoing brief description of the work of 
tlie Science and Art Department is sufficient to 
sliow the widespread influence of that dejiartment 
in encouraging the study of science throughout the 
length and lu’eadth of the country. 

By far the greater portion of the students take 
op the elementary stages of the subject; but 
provision is made for more advanced w’oi-k by the 
arrangement of the syllabus of each subject into 
Elementary, Advanced, and Honours Stages. The 
Dc[)artment has revised the payment of results 
vvilh a view to the further encouragement of the 
st.ud}" of the liigher stages, leaving the provision 
for the encouragement of elementary work to the 
local authorities. 

Notwithstanding the valuable work done by the 
Science and Art Department, it was becoming 
increasingly felt that it did not entirely meet the 
educational needs of those engaged in the skilled 
industries of the country — in fact, that there was a 
wide field of practical instruction altogether un- 
touciied Ipv it. The work of the Department was 
nmi fined almost entirely to pure science .subjects, 
and tliero was veiy little instruction given having a 
direct bearing on special industries; and further 
the hard and fast lines of the syllabus of the 
Department rendered — and still renders— its ada];>t- 
ation to special needs quite impracticable. 

At the various University Colleges throughout 
tlte country arrangements existed for providing 
advanced scientific, and in many cases technical, 
tra ining ; but these courses were not available for 
the artisan classes. 

Efforts had also been made to introduce a more 
scientific and practical course of instruction in 
schools of a higher elementary or secondary class. 
First among such schools were the xillan Glen 
Institution, Glasgow, the Sheffield Central Board 
School, and the Manchester Central Board School ; 
at which schools, in addition to a good course of 
practical science instruction, manual instruction in 
wood and iron, and machine drawing were also 
adde<l. 

In 1878 a general committee repre.senting cer- 
tain of the Lively Companies of London was formed 
to consider in what way the funds of the Companies 
could be applied for the purpose of assisting tech- 
nical education. As a result of the report of the 
committee the City and Guilds of London Institute 
for the Advancement of Technical Education was 
constituted, and thus began an organisation whose 
work and jnffnence on the industrial education of 


the country are only second in importance to that 
of the Science and Art Department. 

The work wliicli the institute undertook tiM.-airy 
■ out included : 

(1) The bmlding of a central ins* i tut Ion in- 
tended as a teclinical miiversit.y and tor tho 
training of technical teachers. 

(2) The opening of a technical sciener* college 
at Finsbury. 

(3) The opening of a school of technical art In 
South London. 

(4) The founding of a system of technological 1 
examinations, open to students tlirougbujh*- 
the kingdom with payments to teachers on 
the results of examinations. 

f5) The encouragement of technical instruction 
ill London and in pros-incial towns by making 
grants in aid of suck instruction. 

The full list of subjects of examination embraces 
almost the whole range of manufactures. 

After numerous expressions of opinion by com- 
petent authorities as to the importance of definite 
technical instruction and of the need of Government 
assistance, in August, 1881. a Royal Commission was 
appointed “to inquire into the instruction of the 
industrial classes of certain foreign countries in 
technical and other subjects, for the purpose of 
comparison with that of the corresponding classes 
In this country; and into the influence of such 
instruction on manufacturing and other industries 
at home and abroad.” 

The British Commissioners in summing up their 
First Report recommended: (1) That instruction 
in the use of tools should be given in elementary 
schools. (2) With reference to the apprenticeship 
schools of France, “ w'e are not sufficiently con- 
vinced of tiie advantages of apprenticeship schools 
for training ordinary workmen, ns compared with 
the great cost of their establishment and mainten- 
ance, to w'arrant us in recommending their intro- 
duction into this country until they have had a 
more prolonged trial abroad,” 

Since the issue of that report (in 1882) both 
these recommendations of the Conimissioners have 
been confirmed by numerous independent educa- 
tionists and experts. 

The Second Report of the Ro3Td Commission was 
issued in 1884 after visiting educational institutions 
in every country of Europe and in America ; and 
making exhaustive inquirie.s as to the efforts made 
on behalf of technical education, including visits to 
all the leading industrial centres in Great Britain 
and Ireland. The conclusion.s to which the Com- 
missioners arrived ai'e set forth in full in Yols, L 
and 11. of the Second Report. 

At the close of the Second Report, the Com- 


PLUMBING. 


missioners sum tip with a number of important 
recommendations, many of which have since that 
date (1884) been sanctioned by Parliament and 
adopted more or less throughout the country. 

After several unsuccessful attempts to pass an 
Act in Parliament which would give local authori- 
ties the power to aid technical instruction, a Bill 
•was introduced by the Government on July 24th, 
1889, to enable a local authority to levy a rate 
not exceeding Id. in the £ for the purpose of pro- 
moting technical instruction. (Technical In- 
STEUCTiON Act, 1889.) 

♦ TeGlinical instruction is defined by the Act to 
mean “ instruction in the principles of science and 
art applicable to industries a.nd in the application 
of special branches of science and art to specific 
industries and employments. It shall not include 
teaching the practice of any trade, or industry, or 
employment ; but, save as aforesaid, shall include 
instruction in the branches of science and art with 
respect to which grants are for the time being 
made by the Department of Science and Art, and 
any other form of instruction (including modern 
languages and technical and agricultural subjects) 
which may, for the time being, be sanctioned by 
that department by a minute laid before Parlia- 
ment, and made on the representation of a local 
authority that such a form of instruction is required 
by the circumstances of the district.” 

Manual instruction is defined to mean “ instruc- 
tion in the use of tools, processes of agriculture, 
and modelling in wood, clay, and other material.” 

The aim of the Act is clearly to aid the progress 
of industry by ericoiiraging practical instruction, 
which, however, is to be educational in aim and 
method, and not for the acquirement merely of 
wage-earning dexterity. 

It is also the intention of the Act to aid the 
study of branches of science or art or commercial 
subjects applied to special industries for which no 
adequate aid is given under the arrangements of 
the Science and Art Department. 

Although the Act was somewhat obscure in some 
of its provisions, and to a certain extent a compro- 
mise, yet there was a general conviction that it 
might be a useful aid to the spread of technical 
instruction, providing local authorities could agree 
as to its adoption and to the distribution of the 
grant from the -rates. 

The local authorities in the %Tirious industrial 
centres took steps to consider the question as to 
the adoption of the Act. The first of the county 
boroughs to adopt the Act were Sheffield and 
Manchester, and these were rapidly followed by 
other boroughs and county councils. 

This® Act was amended b-v^ a further Act — the 


Technical Instruction (Amendment) Act, 1891 — 
which permitted, among other things, the providing 
of scholarships, free studentships, etc. 

In the year 1890 the efiorts hitherto made on 
behalf of technical education recei\'ed most power- 
ful and unexpected assistance. A Local Taxation 
Bill was introduced in Parliament in order to raise 
a certain revenue from an increase in tlic diitie.s on 
beer and spirits; but certain clauses of the Bill 
having been withdrawn, a large sum of money, 
previously allocated to the extinction of licences, 
was now left without any specific object to which 
it should be devoted. After some discussion in 
Parliament it was at length decided to place tins 
money, amounting to the large sum ot‘ £748,090 in 
England and Wales, and £50,000 in Scotland, at 
the disposal of local authorities for the promotion 
of technical education. The use of tlie money for 
the purposes of education was, however, to bo 
optional. 

From further statements in Parliament it has 
been gathered that the permanence of this fund as 
an annual grant is practically assured, and the 
result has been an extraordinary awakening on the 
part of county and borough councils in providing 
organisations for properly arranging and carrying 
out suitable schemes of technical instruction to 
meet the local needs of the various districts. 

It will next be our object to describe the nature and 
extent of the agencies now at w’ork for the promotion 
of technical education in the United Kingdom. 


PLUMBING. — II. 

By a Practical Plu.mbke. 

[Continued from ii. 24. J 

JOINTS MADE WITH THE COPPER BIT {evnCnued). 

Fluxes and Tinning of Copper Bits . — To make 
solder flow smoothly and easily, certain substances 
have to be used termed “fluxes,” and for different 
work different kinds are required. Thus, for a 
wiped joint, a tallow candle is rubbed over the 
parts ; this is termed “ touching,” and the tallow 
called “touch” ; it does equally well for copper-bit 
joints in pipes, though resin is also used and is an 
excellent flux. Plumbers usually keep it in a small 
canister with a tapering top, with a small nozzle 
with a hole under -J inch in diameter. Fig. 10 
shows this. I have seen F D 
these made with a parting 
in the 'eentre at d and a lid ' 

E at the bottom, this part 
being used for keeping a little ' 

white lead in, which is very handy at times when 
out on jobbing work. Note there are two kinds of 
resin ; that known as black resin is the best for our 


TO 
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purpose. Spirits of salts is another fiiix that has 
frequently to be used ; it is of no use for lead work, 
but Is the proper thing to use for bmss, tin-plate, 
coi3per, wrought iron, and zinc. When used for 
zinc or galvanised iron, it is employed in its natural 
state as purchased from the chemist ; it is then 
called raw ” spirit, known also as hydrochloric or 
muriatic acid. It is a virulent poison, and should 
kept carefully away from anyone likely to inter- 
fere with it ; also from bright tools, as it w^ill turn 
them rusty. For soldering metals other than 
zinc or galvanised iron, it has to be “killed” and 
diluted : to “kill" it, pour about a |>mt into a stone- 
ware jar, and add to it, a few at a time, half a 
pound of zinc cuttings. This will cause a violent 
ebullition, by the liberation of hydrogen gas ; this 
will subside, and only a slight 
fizzing be heard : when this has 
ceased the spirit is “killed.” 
Take out the spent zinc, and to 
the liquid remaining add nearly 
as much water ; it is then ready 
for use. There are several patent 
preparations for soldering, but 
•none of them have as yet dis- 
placed spirits of salts or chloride 
of zine, as it is also called; 

To Tin tlie Copiyer M it 

to a cherry-red heat and file (not 
rasp) the faces of it quite bright, 
in a pot of the spirits just mentioned, and 
rub it on a lump of sal-ammoniac with a piece of 
fine solder, this will give it a nice bright tinned 
face, and a copper bit should always be in this 
condition when soldering. I have seen plumbers 
soldering with just the tip of the bit tinned : it is 
to do good work with bits in a state like 

hat.:'': ■ ■ ' 

Prejyaration of Joints . — ^Take a suitable-sized 
turnpin and (having previously run the shave-liook 
a knife round the inside of the pipe, B, Fig. 17, 
ofi the rough edge caused by the saw in 
cutting) with a hammer or mallet strike it so as to 
open the pipe ; take care not to get it one-sided — if 
you do, it can be corrected by tapping on the op- 
posite side. Having opened it sufficientljq which 
may be seen by trying in the piece that is to be 
to it, shave round the inside of the piece b, 
be ready ; then take the piece A, 
a small rasp bevel off the end as showm, 
It should also be shaved all round about i inch 
part bevelled by the 
ready for soldering. 

WoTh in Position . — Sometimes the work 
a position as not to need any support or 
as when the pipes lie horizontally 


along joists, etc., or when the lower pipe is fixed 
and affords some support to the upper one (I am 
not speaking here of wiped joints), for this I'jurpose 
the cramps, Figs. IS. 19, 20, are very useful Their" 
construction and application is easily seen and 
requires no explanathm ; they can be made bv 


Figs. IS, 10, 20. 


anyone or purchased very cheaply. Having got 
the joint ready, the next thing is to solder it: 
sprinkle a little of the powdered resin round the 
joint, or rub a little “touch” round, take the 
copper bit, which should be of such a heat that 
wdien cleaned — by wiping with an old piece of 
carpet, or by rubbing on a piece of sal-ammoniac 
(see “ Tinning Copper Bit ”), or by dipping in a jar 
of w^eak spirits — it will easily and freely melt the 
solder ’you are using ; hold the strip of solder close 
to the joint and melt a little on to it, press the 
point of the iron into it and draw it slowly round, 
adding more solder if neces.sary. If you see the 
solder keep running away, may be sure that 
you have got your iron very hot and that your 
joint is badly fitted. It must also be remembered 
that a joint is not a good strong one if the metal is 
simply fiow^ed round the top, the ifipes must be 
warmed to nearly an equal heat with the solder or 
it will simply stick on and not be properly united, 
thus it is always best to allow the j)ipes to get well 
warmed before the final flow round is made. When 
the metal is set, and before it gets cold, wipe gS 
the resin-nothing looks w^orse than a dirty joint ; 
a little “ touch ” will assist in this. 

Horizontal Joints . — Joints in pipes lying in a 
horizontal position are not suitable for making with 
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a copper bit, for the reason that they are generally 
in such a position that it is very difficult to get 
round them. These, when wiped, are termed 
•underhand joints, and will be treated of later on. 
But they can be made with a blowpipe, as I will 
proceed to describe; together with some forms of 



Fig. 21. 


blowing-apparatus. Pipes reciuiring to be joined in 
this position are better fitted as shown (Pig. 21). 
As will be easily seen, the solder cannot run away 
from the joint the same as it could if fitted like the 
previous example. The blowpipe shown (Pig*. 22) is 
suitable for use in blowing joints in tin pipe, compo. 



Fig. 22. 


pipe, and lead pipe not larger than f inch bore. It 
is used in the following manner : a small bundle of 
rushes from the tallow-chandler’s is held in the one 
iiand — the best way to use these is to lightly fill a 
piece of brass tube I inch diameter and 12 inches 

long; 
s 0 m e 
wrap 

brown paper round to 
hold them, but it is 
wasteful and untidy as 
well— a strip of blowpipe 
solder in the other, and 
the blowpipe between the 
teeth. The flame of the 
rushes is brought within 
an inch of the joint and 
the blowpipe brought 
close to it ; a jet of flame 
is then directed on the 
joint, the pipe warmed, 
and the solder run round 
tbe joint. A rubbing mo- 
tion should be given to 
the stick of solder as it 
melts— this facilitates its 
adhering. Some practice 
is :'necessarybto' gain"the'';." 
knack of blowing in 
this style — the beginner 
jh'ig. 23. usually finds that it is a 



difficult matter to keep the blowpipe in the right 
position to ensure a continuous flame. This diffi- 
culty is somewhat lessened by using a form of 
blow-pipe shown at Fig. 23, In this the blow-pipe 
is jointed on to a brass case that holds some ab- 
sorbent material saturated witli benzoline or 



methylated spirit; a sliding tube regulates the 
flame to the required size. The blow-pipe can, if 
desired, be detached from the lam • and used in 
the ordinary way. 

For blowing joints in large-sized lead pipes the 
clfiss of appliances known as blow-lamps or self- 
acting blow-]3ipes are very useful. 

Figs. 24, 25, 2G illustrate some of the best types 
of this class. Fig. 24 is the French methylated 
spirit lamp, improved by a regulating arrangement ; 
by turning the milled wheel A (which can be done 
whilst using) the flame can be adjusted to any 
degree. Methylated spirit is used in this lamp. 
Fig. 25 is also a lamp of French origin— it is known 
as the Paquelin ; it is entirely different in principle 
from the one just described, and benzoline is used in 
it instead of hiethylated spirit. It is a very power- 
ful lamp, and a joint can be made very rapidly in 
any sized lead pipe from | inch upwards ; it is not 
suitable for small pipes, as it is a non -regulating 
lamp. It is very useful for many things beside 
joint-making, as it can be used in lieu of irons in 
soldering leaks in roofs, cisterns, etc. These lamp.s 
must be kept clean and the directions accompany- 
ing them carried out. The third form (Fig. 26) is 
somewhat similar in design to Fig. 25, but with 
wdnd-guards and flame director; this also burns 
methylated spirit. There are several other designs 
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Ol b]iAvin< 2 '-liLm|)s. but the j^rinciple is the same. 
Gi'car care shcaild be exercised in iisinsr these 


lamps indoors on account of the inflammable 
nature of their fuel. 

Oom-eetiiig Irm or Bim to Metal 
any kind of brass or iron fittings, such as a boss or 


jriinrs, ana considerabie practice is necessary be- 
fore skill can be obtained ; plenty of plumbers can- 
not make three joints alike. The preparation of a 
wiped joint is similar in some respects to that of 
tJie joints previously mentioned. When the pipes 
are ready to be joined, the first tiling to do is to 
rub the ends over with chalk or whiting to take out 
the grease ; the ends must then be “ soiled.’-’ 

Prcjmraflon of the Soil. — Soil, or smudge as ir i."- 
sometimes called, is a mixture of lampblack, chalk, 
and glue : the lampblack should be calcined — that 
is, made red-hot in a ladle. Take about | lb. of ir 
and mix with a small cpiantity of chalk ground fine, 
make into a ]:)aste with some stale beer, mix it in 
the soil pot (which should be of copper and hold 
about one pint), then add a little glue (about two 
table-spoonfuls), %vann it up, well stir and mix 
together till it is like thick cream ; paint a piece of 
sheet lead to try it, warm the piece of lead so that 
the soil dries quickly, and try and rub it off -with' 
the hand. Should you find it rub off. add a little 
glue ; if too much glue is present it will peel off, 
and so it will if the pi]>e is at all greasy. 

Sollmg the Pipe . — The pipes should be soiled 
from 3 to 4 inches past the shaving line, which 
varies according to the size of pipe. For small 
pipes, such as ^ inch or inch, 2^- inches is long 
enough for the joint; that would mean that the 
shaving would be or 1-| inch on each piece, but 
in reality the male end wants a little longer shiTving 


ferrule, cap and lining, or union (Figs. 27, 28, 29), 
has to be connected to metal pipes either by blow- 
ing, copper bit, or wiping, it must first be tinned. 
All plumbers’ and gasfitters’ brass work that is 
intended to be soldered is sent out tinned, but to 
ensure good work they must be re-tinned just 
previous to using. Some in tinning these fittings 
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by ibe amount Ih-at it enters tlie female pipe. 
The soiling: must be clone true. On large pipes it is 
a good plan to pa,ste a piece of paper round, this 
igt'nables a clean sliarp edge to be got to the soiling. 
Straight sltaving is also essential to good-looking 
work ; this is secrirecl on large pipe by placing a 
jiieee of board at the end and going round with 
Tile compasses set to the required length. With 
regard to small pipes a line should be run round 
with the sha’^'eliook before beginning to shave, and 
then work to that all round. After soiling and 
sluiving, the joint is touched,” fitted together, 
Bnd held in place either by the cramps described 
ur by some otlier means; and let me say that in 
joint-making there is X'lenty of scope for ingenuity 
in rigging up dodges to fix and keep work in 
position. One Avay is by means of what are called 
fixing chisels, which are made of small-sized hexa- 
gem or square steel, say or d inch, some drawn 
down to a fiat chisel point, and some to a square 
vSpike point ; these are driven into the brickwork 
or woodwork as the case may be, and the x>ipes 
snjpporied or tied to them to secure them from 
shifting whilst making the joint. Before describ- 
ing the making of tlje joint it is necessary to speak 
of solder cloths and splash sticks. 

Solder Cloths, — The cloths, termed also “ wipes,” 
are made of moleskin or stout ticking — some xu’efer 
this to moleskin, but I think most itlumbers give 
moleskin the joreference. The cloths are of various 
sizes and thicknesses : for -J or | inch pipe 4 x 4-J- 
and 4 thicknesses ; for 1 inch pipe, 4J x 5 and 6 
thicknesses ; for 1:|: and 1-J inch, 5x5 and 8 thick- 
nesses ; for 2 to 3 inch, 5 x G and 8 thicknesses, 
and so on. The cloths sliould be stitched together, 
and before using some hot tallow should be well 
rubbed into the side that is to be used, in order to 
make it work smoothly. When the cloths get very 
foul, they can be unrix^ped and well washed, and 
are then as good as ever. 

Sjdash Stlelis (Fig. 30). — These are used where 
the solder cannot be poured on with the ladle. 

They may be of wood or 
iron— both have their ad- 
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COTTOX SPINXING.—II. 

By Henky Riddell, M.E. 

.. [ConilnmAl fmm'p.li).] ' 


vantages and defects. If 
wood is used and the metal is very hot the smoke 
iliat arises from the charre<l wood is very annoy- 
ing ; with iron this defect is done away with, but 
the soiling is apt to get scratched. If iron is 
used for a splash stick, it should have a wooden 
or leather-bound handle, as iron is a good con- 
ductor of heat, and you would not be able to 
hold it after it had been in use a little while. 
If the ends of wooden ones are scooxoed out 
slightly spoon- sliaped, they will pick up the metal 
bettei*! 


THE COTTON TLANT AND FIBRE {i-onti nued). 

American Cottons. — The great bulk, bowover, of 
the cotton growm in the United States is the 
XU’oduct of the GossyjHum Idrsntnw, tvhich is 
cultivated over a wide area of the Southern 
and South-Western States. There are great differ- 
ences between this variety and the one previously 
mentioned, in appearance, growth, and in the 
fibre produced from them. The plant of the Sea 
Islands cotton grows to a height averaging 7 
or 8 feet, but is often found much higher. The 
blossom is yellow, differing considerably in shape 
from that of the Ilerlniocum, wdiile the colour is 
similar ; the HirsnUim possessing pale yellow 
flowers. The JHrsutum variety is not nearly so 
liigh as the Sea Islands plant on an average, 
reaching G or 7 feet as a maximum only. In addi- 
tion to the marked differences in appearance of 
tlie xflant and flow’-er, the two American varieties 
also differ largely in the apix^earance of the seeds. 
Those of the Sea I.slands are black and smooth, while 
the lUrsutum derives its name from the hairy 
ax>pearance of its lighter-coloured seeds, which, 
indeed, are very frequently green-tinted. 

The great and essential difference, however, as 
far as their use to the cotton sxfinner is concerned, 
is found in the chai'acter of their fibres. 

The Sea Islands variety possesses every good 
quality required by the cotton spinner in a more or 
less perfect development. The fibre is much finer 
than that of the other; it is above the average 
strength ; its length is ranch greater, while the varia- 
tion in length is smaller ; the regularity of its natural 
twists exceeds that of the other American cottons 
largely ; and the appearance is much better, the fibre 
being silky, gdossy, and w^ell coloured. 

The finest yarns can he inanufactured from 
this cotton, and it has been experimentally sjum to 
a. length of aVjout 950 miles to the pound. The 
plant is, however, delicate, and as has been said, 
deteriorates very rapidly when removed from the 
coast ; it is therefore unable to compete with the 
Oossyyniini Idrsntwn in the cotton xdantations o^ 
the American States generally. 

CHltlration. — As has been mentioned, soil has 
a great influence in determining tlie nature of 
the fibre grown in any locality, and it is now 
found that American cottons from any p^irticular 
district are not nearly so uniform in quality as they 
were in the days before the American Civil War. 
The conditions of cultivation are changed ; in- 
stead of the large estates, managed with the view 






74 THE HEW TECHNICAL EDUCATOR. 


to uniformity and good quality of the product, 
there sprang up after the war a great number of 
what must be termed comparatively small planta- 
tions, managed each upon its own system. Land 
which had previously been unoccupied by cotton 
was pressed into service, and, as a consequence, the 
variations in the quality of a fibre raised in any 
neighbourhood have become so numerous that 
great experience and care are requisite in making a 
mixing now, compared with the days before the 
war, in order to juaintain the requisite standard of 
uniformity. As tlie x>lant is grown over a very wide 
area in the United States, of course there are con- 
siderable differences in the methods of cultivation, 
and in the time of sowing and harvesting. 

Sowing varies in time from the middle of March 
to the middle of April. The soils used are very 
various, the best being a light, rather sandy loam, 
while the worst is damp clay. 

The ground is prepared by ploughing during the 
winter months, wlien the manuring also requires to 
iH3 done, witli The view' of providing those saline 
constituents which are necessjiry to tlie perfection 
of the plant. Well drained and irrigated land is 
required, if a goo<l crop is to be had, as wdtliout 
these advantages it is useless hoping to cultivate 
cotton with a view to profit. When the season is 
far enougli advanced to lessen to a minimum the 
risk of night frosts sowing is begun. Of recent 
years cotton sowing machines have sometimes been 
used, but the sowing is .still most frequently per- 
formed- by hand in the following way. 

The ground having been properly prepared, drills 
are formed, at a distance of about 6 feet from each 
other, centre to centre. In these drills the seeds 
are scattered, and following the sow'er come a 
number of young hands witli hoes, wdio lightly 
cover them with soil. 

The width of the space between the rows varies 
slightly according to the nature of the plant. It 
is necessary to allow’ space for free growth and 
dowering, but the width is settled more in con- 
sideration of the room required by the hands in 
the picking season. After the sowing, and until 
the young plants have a good growth, it is neces- 
sary to carefully kceio the fields free from weeds, 
which would choke the tender shoots, and im- 
poverish the ground so as to greatly injure the 
crop. The young shoots show themselves in eight to 
twelve days, and it is during tlieir tender period that 
night frosts are most to be dreaded, since a single 
frost will often destroy large areas of the plants, 
and render it necessary to renew the whole sowing. 
The weeding requires to be continued, though 
perhaps the same amount of labour may not be 
devoted to it, until the time of picking arrives. The 


plant rapidly develops after the start is made, 
and in about four months or less is ready to begin 
picking. . 

The flower shoots, long slender stems, begin much " 
earlier to show themselves, and the three-shielded 
case containing the blossom makes its appc^arance. 
This, after reaching its full growth, expands rather 
suddenly, showing the short-lived flow'er, which in 
all the American cottons is some shade of yellow, 
in some cases so light as to be almost white. 

In two or three days the llow'er falls, and in its 
place appear the small beginnings ox tlie seed pod. 

, This expands to the size of a small tvalnut. and 
during its growdh the seeds and their adherent 
filaments also reach maturity, and iimLll}^ by their 
pressure, burst the pod, which usually divides into 
three or four sections, and exhibits the bunch of 
fibre. The flowering and fruiting go on together 
during the rest of the season, and usually until the 
approaching winter kills the plants. 

About the end of July the picking begins, and 
the cotton fields present a very busy appearance. 
The field is divided into sections amorig.st the 
pickers, and somewhat skilled labour is required in 
order to pick sufficient cotton to pay a fair w’age, 
and at the same time keep the fibre free from leaf 
and fragments of the pod, wiiicli are so difficult 
afterw^ards to remove. About one hundred pounds 
per day is a fair average for a good picker, and 
this is thrown into large baskets at the end of each 
row, and when the day’s work is over these are 
carried to the plantation storehouse, tvhere the 
cotton remains until it can be ginned. 

With alterations suggested by the nature of the 
climate this description, here a^xplied to the culti- 
vation of American cottons generally, may be used 
as applying to the operations elsewhere. 

The Sea Islands cotton is also grown in other 
parts of the w'orld to which the seeds have been 
imported, and good fibre is produced. A few 
localities may be noticed before passing to the 
variety. 

J'ljl . — The plant flourishes fairly well in Fiji and 
Tahiti. The fibre produced is about the same mean 
length as that of the Sea Islands proper, but has 
greater variation between the nuixiainm and 
minimum. The colour is very good, and appearance 
soft and silky, so that it mixes very well with Sea 
Islands, although it is considerably weaker than 
the parent variety. It is clean in cultivtition and 
picking, but very defective in W'ork, owing to the 
great quantity of undeveloped, matted, or short 
fibres, causing a large amount of w'aste in the pre- 
paring processes. 

PeriL — A class of “ Sea Islands ” is also grown 
in Peru along the western coast. It is rather more 
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valuable than tbe growth of Tahiti, and about 
equal to that of Fiji, but very inferior to the parent 
variety in appearance, either in colour, or in the 
soft silkiness of the fibre. 

Gallmi. — The Gallini variety is the descendant 
of Sea Islands ” seed imported into Egypt, where 
it is grown along the course of the Nile. It 
is a very valuable cotton, almost equal to the best 
growths of Fiji, and but little below Florida in 
usefulness. The colour of Gallini is against its 
use for mixing with any other, but different grades 
^of the same are mixed to obtain the yarn required. 
Its fibres are remarkably fine and strong, but its 
usefulness is rendered more limited by the quantity 
of dirt, broken leaf, and badly developed fibre 
found mixed with it. 

The next great class of cottons to he considered 
is produced by the Mir&utum, to which, as has been 
mentioned, our chief supply of American cotton is 
due. There are many sub- varieties of this fibre, 
depending largely upon the district of growth, where 
there may be something peculiar in the soil, climate, 
or cultivation to cause a difference in the product. 

As far as character of fibre is concerned, the 
American IIlTsutitm cottons resemble each other 
strongly, but many things combine to render one 
variety more valuable than another; a few sorts 
will be mentioned. 

— This cotton is grown in parts of 
'lennessee, Georgia, South Carolina, and Alabama. 
It is a very useful weft cotton, not very strong, 
but being elastic and pliable, as well as soft in the 
fibre, it forms a nice level, round, full thread, such 
as proves most serviceable in wefts. It is a good 
mixing cotton, its colour being a light creamy 
white. 

Orleans. — This is the most important of the pro- 
ducts of the O. hirsutxmi in America, and is the 
best of the so-called American cottons. It is 
largely raised in the plantations along the Missis- ' 
sippi river, and is mostly exported to this country. 

There are numerous grades of this cotton, the 
better classes being very clean and strong in the 
fibre, as also very uniform in length. The lower 
varieties are often very inferior in every respect, and 
require watchfulness on the part of the buyer. It 
is a very good cotton for mixing, being constantly 
used with higher-priced varieties to reduce the 
cost of the yarn. It possesses a nice soft pliable 
and elastic feel, with considerable strength,,, render- 
ing it suitable for either warp or weft. 

Mobile. — ^As the Orleans stands at the head of the 
American cottons in quality, so the Mobile assumes 
its position at the foot. It is important because of 
its low price and the quantity to be had, but in 
qualify it leaves almost everything to be desired. 
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It is largely employed for wefts of counts, say, from 
iO’s to 25’s, and spins fairly well, but it is very 
dirty, and sometimes unfairly laden with moisture. 
The cultivation of this class extends over a portion 
of Mississippi, Alabama, and Louisiana. 

Tessas. — ^As its name denotes, this cotton is a 
product of Texas, more especially about the Gulf of 
Mexico. 

This cotton at present closely approaches the 
Orleans in quality if, on the average, it does not 
equal it. Like the Orleans, there are many grades, 
the iow-er qualities being very dirty and laden with 
sand. The colour is perhaps not so good as that of 
Orleans, but in general uses it may be classed with 
that cotton. 

Other localities . — Outside of the United States, 
the G. hirsiitum is grown in Egypt, where it forms 
the bulk of the variety known as “ White Egyptian,” 
and in Brazil, where it furnishes the variety called 
“ Santos.” Neither of these fibres equals the better 
class of American, the feel being rough and harsh, 
and the supply far from clean. The fibre, such as 
it is, has also a part of its value removed by careless- 
ness in the ginning. 

The third great class of cotton to be dealt with 
is the Herhaceum, from which the Indian cottons 
and that known as ‘‘ Brown Eg 5 q;jtian ” are growm. 
As a whole the cotton produced from this class is 
the least valuable of the marketable fibres to be 
met with in our imports. The Indian varieties, 
however, are important because of their cheapness, 
rendering possible the making of certain yarns at 
prices otherwise impossible. The entire class of 
cotton grown from this species in India is limited in 
use to the coarser numbers, and it is in such coarse 
spinnings that the desire for cheapness is most 
apparent. 

Taking the products of the G. lierbaceim in the 
order in which they occur in the preceding table, 
the first to be mentioned is — 

Brown Egyptian. — This is by far the most valu- 
able fibre to be described, produced from the species 
now under consideration. It is native in Egypt, 
growing about Zagazig and the delta of the Nile, 
and produces a soft silky fibre which can be spun 
up to 140’s to loO’s, although not commonly so used. 
It is not really brown, but of a beautiful golden 
colour, and possessed of great toughness and 
strength, a property which renders it very suitable 
for warp as well as weft yarns. It is very clean, but 
like all the finer classes of cotton, and in a greater 
proportion than most, it holds a quantity of badly 
developed fibre, causing much waste in the carding 
and preparation. As in the case of the Gallini, its 
colour is against its use for mixtures, except in 
different grades of the same fibre. It spins into 
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u particiilar] T level rouad yarn of very good appear- 
ance. 

ludUiit VottiHU: Mhi0ur({/Jiat.—A& has been said, 
the Indian cottons are the Jiiost inferior of those to 
be described, and vary e-vceedingly in quality. The 
great extent of territory known as India gives 
room fur a great diversity of soil and climate, such 
diversity having its nataral effect in causing an 
equally great variation in the quality of the fibre 
produced. So hig'h is the temperature, and so free 
is the air from moisture, that over a great part of 
tlio country the cotton plant could not be expected 
to supply a fibre other than harsh and rough, and 
more or less brittle. Such is the natural effect of 
iieat and want ot moisture on any variety of 
the even upon the HerMcmi m., \vhich 

is by far the hardiest. Of course where 
naturally or artiJicially irrigated, or grown in 
sheltered and inore favoured districts, the plant 
reaches a greater perfection, thus the highest class 
of tlie Indian cottons is produced in the Central 
Provinces under the name of Hingunghat. 

This fibre is strong and dirty ; when properly 
cleaned it spins into a useful series of yarns, say 
between 2(Vs and PPs. It varies exceedingly in the 
rlianmter of the fibres, but this variation it shares 
with some other .sorts. 

Dlwllerak, Broaeli, etc . — It is not necessary to 
describe the remaining cottons of the Indian series 
farther than shown in the table, but the districts 
of growth require indication. 

The BkoHeralt is raised in the Bombay Pre- 
sidency, more especially among the Native States. 

The Broach is also cultivated in the Presidency , 
of Bombay. 

Oomraivutiee derives its name from the district 
of growth, but the Central Provinces and the Berar 
district contribute to the supply. 

Bharivar is another Bombay cotton. 

Tbinerelly is cultivated in the more equable and 
temperate parts of Madras, towards the south. 

(hmj}tah, — This fibre is produced in the Central 
Provinces. 

Seinde^ — It is to the north-w^estern portion of 
India we owe our supply of this cotton, from the 
district bearing the same name. 

Bengal — as implied by the title — reaches us 
from the presidency of that name. 

Madras . — This name is also significant of 
its origin. The conditions of growth, soil, and 
climate are not nearly so favourable as in the 
“Tinnevelly” district, hence the inferiority of the 
fibre. The cultivation is also inferior. 

Pentxnan (Jottons.---'\Nii\i the exception of the 
Stiigrna cotton, which also belongs to the Her- 
haeeum variety, and is grown in A.sia Minor, in the 


Turkish territory, and also in the Greek islands, 
the remaining varieties in the table belong to 
the 6r. oerurlanum. whicii is esteemed by most 
authorities to be a siib-specie.'v of the Bardadcnse. 

They are about equal on an average in value 
to, the best classes of the American cottons pro- 
duced from tlte G. h (rsuiiito. 1 n oriier of apqiearance 
upon the table they are as fullows 

Bough Penmmi.--ll\\is cotton is a variety of the ' 
Pemciammi indigenous to Peru and Brazil. It is 
a fibre of line soft appearance but harsh in the 
.fingers, remarkably clean, and free from broken 
leaf. ■ . 

As it spins up to about 70's, it is a really useful 
cotton, and by .reason of its clean state brings a very 
good price in the import trade. Strangely enough 
the Peruvian plant is perennial, bearing crops several 
years in succession, and diliering in this respect 
from any of the' other varieties here described. ; In 
its first season the plant spends its energies in 
growth, while after tliree or four years old age tells 
upon it, and the fibre loses its manufacturing pro- 
perties and only wastes the ground. 

The colour is liglit cream, and tliis cotton mixes 
well witii other Brazilian cottons. 

Siuooth Peruvian . — As indicated by tlie name this 
variety of the Peruvianmn differs in appearance 
and in feel from the preceding. The fibre is soft, 
and very regular in diameter, but unfortunately 
carries a considerable quantity of the undeveloped 
filaments, which greatly lessen its value. It is a 
good mixing cotton, suiting well with the OrUam^ 
and enabling a greater range of production to be ob- 
tained from the latter. It is better fitted for wefts 
up to 60's or 70’s than for warps. 

West Indlaii . — This cotton is produced in several 
of the West Indian islands, including Jamaica and 
Cuba. 

It largely resembles the Rough Peruvian in 
appearance, but is very far from being so clean, or 
so carefully cultivated. The fibres are not very 
uniform in diameter, but possess a singular uni- 
formity in twist, which extends perfectly regularly 
from base to tip of the fibre. It is comparatively a 
weak cotton, 

Perxiamhnm . — This is the finest of the Brazilian 
cottons, and the longest in the staple. It resembles 
the White Egyptian in appearance, and is used 
frequently in mixture with it. The feel is com- 
paratively rough and wiry, and alone it is most 
suitable for twist yarns. 

Ceara and Maranhams. — These two cottons, 
which are grown in the north-east of Brazil and 
along the coast, resemble each other in character, 
but differ in colour, which however is by no means 
a fixed quality in Brazilian cottons. In esseTitial 
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detail they resemble Pernambuco, and like it may 
be mixed with either Egyptian or Americazi. 

This completes the review of the tabulated 
^ cottons, but of varieties not represented on the 
•table two may be mentioned, they are the African 
and Australian cottons. 

I he AjTican is the product of the indigenous 
Herlaccum, and is grown about Liberia, Natal, and 
the west coast. It is a fairly strong and very clean 
fibre, but consequent upon the great heat and 
absence of moisture, the amount of short half- 
matured fibre is very great, causing it to be a 
^ wasteful cotton in the working. 

AtistTdlidii , — While a very large portion of the 
Australian continent is suitable for cotton cultiva- 
tion, there are great diificulties in the way, in the 
labour question among others. 

The fibres of the small quantity of cotton pro- 
duced in this continent are comparatively long and 
weak, and of rather a poor spinning quality. 

With tliis variety is concluded the division of the 
lessons concerned with the character and cultivation 
of the cotton, the next section beginning the con- 
sideration of the manufacturing operations, in- 
cluding, for several reasons, the ginning and baling 
of the cotton received from the fields. 


STEEL AISTL lEON.— II. 

By William Henry Greenwood, 

F,C.6., M.IiisLC.E., M,LM.E., Assoc. Royal , School of JI hies. 
iContmmd from p. S.j 
IRON AND STEEL (iioRtirami). 

Ferrons Silicates,— 'Fxxm silica and oxi<.Ie of iron 
unite at a wLite heat to the production of a fusible 
ferrous silicate, and thus, during the ordinary 
operation of welding together two pieces of iron, 
the blacksmith removes any oxide or scale wbicb, 
during the process of heating the iron in the 
smith’s fire, forms upon the surfaces of the bars' to 
be welded, by throwing upon the heated surfaces a 
quantity of siliceous sand, whereby a readily- 
fusible ferrons silicate is produced, which flows 
away under the pressure of the hammer or press 
employed in welding together the two surfaces 
of the metal, and so leaves the surfaces to be 
united quite clean and in the best condition for 
being successfully united. Ferrous silicates of 
variable composition are formed as the result of 
the union of oxygen with silicon and iron ; hence 
the various slags and cinders produced in the blast 
furnace, the puddling, refining, re-heating, or other 
furnaces employed either in the production or sub- 
sequent manipulation of iron are essentially ferrous 
silicates. The silicate (Fe 2 Si 04 ) yields about 70 
per jgent. of ferrous oxide and 30 per cent, of silica ; 


it melts at a white heat, but if heated witli access 
of air it suffers partial decomposition, with the 
production of ferric oxide and the separation of 
silica. In this manner when the slags of either the 
puddling or re-heating furnace are roasted with 
access of air during several days in suitable kilns 
or ovens, a highly refractory dark grey and lustrous 
body is obtained, which consists essentially of 
ferric or magnetic oxide, with small proportions 
only of silica. This roasted cinder is known as 
^'buU-do(/” and is used largely for making the 
bottom of puddling furnaces. During the roast- 
ing of tap- or forge-cinder from the paddling 
furnace for the production of bull-dog, there 
liquates from the mass two other products ; the 
one which collects in the bottom of the kiln Is 
known as “bull-dog slag”— it is more siliceous 
than “ bull-dog,’' and carries with it much of the 
phosphorus contained in the cinder; whilst the 
other product is still more siliceous and phosphoric, 
is also more fusible, and runs away from suitable 
openings left in the kiln. When ferrous silicate 
of the composition Fe 2 Si 04 is strongly heated with 
carbon, about two-thirds of its iron is reduced, 
leaving behind a more siliceous slag having a com- 
position represented by the formula Fe^SisOg. 

AUoj/s of Ira7i.—Fme iron unites readily with 
many other metals, yielding alloys, which in most 
instances are, however, without commercial import- 


ance. It is only the alloys of metals with cast- 
iron, malleable iron, and steel that need be con- 
sidered in these pages, and these will be referred 
to when considering cast-iron, etc. 

-P// 7 - or Cast-Iron , — As previously stated, iron is 
met with in commerce either as malleable iron, as 
cast-iron, or as steel and ingot iron. Now malleable 
or wrought iron, owing to the slmpUciUj and ease of 
the methods by which it can be obtained iirect 
from the iron-ores, might claim first attention ; but 
since by far the greatest proportion of the wrought- 
iron of commerce is made from pig-iron and there- 
fore indirectly from the ore, it will be more con- 
venient to consider pig-iron first. Also before 
considering the constitution and modes of occur- 
rence of iron-ores, and of their treatment for the 
production of pig-iron, it may be well to examine 
the more prominent physical, mechanical, and 
chemical qualities of pig-iron, and its qualities are 
affected by the presence of small quantities of 
various other metallic and non-metallic elements, 
Fig-Iron — of which about 7|- million tons was 
produced in Great Britain during 1891 — is the 
granular crystalline combination of iron with 
carbon, silicon, sulphiir, phosphorus, and man- 
ganese, and smaller proportions of other metals, 
such as arsenic, titanium, copper, chromium, etc., 
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which is produced when certain iron ores are 
treated in the blast-furnace under suitable con- 
ditions. 

Pig-iron consists essentially of iron with from 
2 to 4'75 per cent, of carbon, of which tlie latter 
exists partly in a state of solution or cliemieal 
combination with the iron, and partly as me- 
chanically-distributed uneomMmd or grapMUc 
carbon. All pig-iron contains carbon in these two 
forms, but the ratios of the combined to the un- 
eombined carbon vary in different varieties of pig- 
iron, from the greyest iron where the carbon is 
almost wholly in the uncomHiied form, to the 
hardest white iron in which only a small proportion 
of the carbon exists in the graphitic or uncom- 
bined state. 

Upon the relative proportions of the two forms 
of carbon, modified by the presence in varying 
proportions of the foreign elements before-men- 
tioned, depend the wade variations in the colour, 
hardness, strength, fusibility, specific gravity, 
behaviour when treated with acids, and adapt- 
ability of the metal to the special purposes to be 
subsequently referred to ; but all varieties of cast- 
iron are characterised by the almost total absence 
of duetiUtj/j they are also unfonieahJe^ and will not 
weld ; it is also more brittle, less tough, and is usually 
harder than malleable, iron. 

Pig-iron is usually found in commerce in the 
form of oblong blocks or pigs of o section, and 
about three feet in length, the metal being run for 
this purpose direct from the blast-furnace into open 
grooves, or channels of the above section, formed 
for that purpose in the damp sand of t\\Qj)igd}ed in 
front of the tap-hole of the furnace. Such pigs, 
when broken by the hammer, or by dropping them 
across a A shaped block, present, if grey iron be the 
subject of operation, a dark grey, granular, crystal- 
line or scaly fracture, with a strong metallic lustre ; 
whilst the colour will be of a lighter grey, less 
lustrous, and the metal harder and more brittle, as 
the proportion of combined or dissolved carbon 
increases, and the iincombined or graphitic carbon 
becomes less. In the greyest iron, scales of graphite 
in very thin plates can be seen distributed over the 
faces of the ciystals of the metal, and by careful 
treatment the scales of graphite can be detached 
and collected. The graphite is also more or less separ- 
able by sifting and levigating the very fine borings 
of grey pig-iron. "White iron, again, contains the 
largest proportion of combined or dissolved carbon, 
with smaller proportions only existing in the un- 
combined or graphitic state ; such iron is harder, 
whiter, coarsely granular, and more flaky in ap- 
pearance than grey iron. 

The separation of flakes of graphitic matter, or 


Hsli, during the slow cooling of molten grey iron, 
has been referred to (p. 8) ; but if the same metal 
he cooled suddenly, as by running it into cold metal 
moulds, then no separation of the graphite occurs, 
and a hard white metal is produced; Xmiiae 
and also cliUled- cast-iron appear to be capable of 
holding a larger amount of carijon in solution than, 
the same metal when cooled more .slowly from a 
state of fusion. Thus it is inferred that molten. 
2yig4Ton may be a sohttmi ofmnous solid and gaseona 
substances in liquid iron, and that the form they 
assume in the solidified metal depends upon the 
method and rate of cooling, both before and aftei;. 
solidification. The scum or kish already de.scril)ed 
is also often notably richer in sulphur and mangan- 
ese than the pig-iron itself. 

Grey pig-iron, owing to the higher temperature 
employed in its production, often contains larger 
proportions of foreign substances, like silicon, 
aluminium, magnesium, etc., than does white iron 
smelted from similar mixtures of ores, etc. 

In the process of chill casting, where the fluid 
metal is poured into metallic moulds, and the heat i.^ 
thus rapidly witlidrawn from the surface, the outer 
crust is thereby converted into hard white iron, 
whilst the body of the castings usually retain the 
soft character of grey iron. The depth and degree of 
the chilling are generally deeper according as the 
}.)ig is low in silicon and as the thickness of the 
mould increases. From this cause the flat plates or 
pigs of Swedish pig-iron often present on fracture 
a white skin with a gTej interior, the result of the 
Swedish practice of running the pig-metal into 
open cast-iron moulds. 

The mottled varieties of pig-iron stand inter- 
mediate between the two extremes of grey and 
wfliite iron, and exhibit a decidedly veined or 
mottled fracture, as though the white iron was 
distributed in small detached portions, or in veins, 
throughout a matrix of grey iron ; and according as 
the proportion of white iron is greater or less, 
the pig-iron is described as strongly or weald y 
mottled. Grey iron is more fluid when melted than 
white iron, but it requires a much higher tempera- 
ture for its fusion ; thus, whilst grey iron only 
melts at a temperature of about 1,600® C. or 1,700® 0. 
(2,912® Fahr. to 3,452® Fahr.), white iron melts at a 
temperature of from 1,400® G. to 1,500° C., (2,532° 
Fahr. to 2,732® Fahr.), White iron contracts in 
passing from the liquid to the solid state, and it 
passes through a soft pasty condition before 
complete fusion occurs, as also through a similar 
condition in assuming the solid state after fusion. 
Grey iron, on the other hand, during melting passes 
directly from the solid to the fluid state, and rice 
versa, and it also expands at the momenUof it.s 
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solidification from the fluid state, thereby insinuating^ 
itself into the finest lines of the moulds in which it 
is contained, whilst white iron, as just stated, 
contracts under these circumstances. Hence grey 
* pig-iron is in request for foundry purposes, and 
more especially for the production of light orna- 
mental and intricate castings, so that it has become 
usual to call the softer grey grades of pig-iron 
foundry pig, in contradistinction to the harder 
and whiter vaiieties, which are described as forge 
(lualities. 

Cast-iron in its fused state occludes or holds in 
^ solution gases like hydrogen, which gases are to a 
certain extent liberated as the metal solidifies, 
giving rise to the honeycombed or unsound struc- 
ture so frequently observed in cast-iron castings. 

Cast-iron expands in length by heating and then 
cooling either suddenly in water or by gradual 
cooling in the air. Pig- or cast-iron sufiers decom- 
position when exposed to the action of sea- water, or 
more rapidly when exposed to the joint action of sea- 
water and of the atmosphere ; by such prolonged 
exposure the metal becomes a soft porous mass 
having the form of the original specimen. When 
atmospheric air (as in the Bessemer process for the 
conversion of pig-iron into steel) is blown or forced 
through molten grey pig-iron, the metal becomes 
intensely hot, whilst its carbon, silicon, and 
manganese are largely oxidised and removed in the 
manner to be more fully described when speaking of 
the Bessemer process for the manufacture of .steel. 

The specific gravity of pig-iron varies from 
7*1 in grey to 7*5 in white iron ; and cold solid 
cast-iron floats upon the surface of the molten 
metal, not, however, because of any greater density 
of the fluid over the solid metal, but because of the 
sudden expansion of the cold solid metal from 
contact with the much larger body of molten iron 
into which it is introduced, and whereby the density 
of the solid metal is reduced ; for it is noticeable 
that the larger pieces of cast-iron, on introduction 
into the fluid metal, first sink and then rise again 
to the surface of the molten metal. 

The strength of cast-iron varies according to 
its chemical composition, the mode of its produc- 
tion, and the treatment it has received after leaving 
the blast furnace. Gold-blast iron is stronger than 
iiot-blast from the same ores, although except that 
the silicon will be a little higher in the hot-blast 
iron there is but little difference chemically l>e- 
tween the two ; and hence the superiority of cold- 
blast iron is probably largely due to its molecular 
structure. For like reasons, in America, cold-blast 
charcoal iron is preferred for chilled iron wheels, 
since such iron takes a deeper chill and wears 
bette:i; than hot-blast iron from the same ores. 


Annealing diminishes the strength of cast-iron ; 
the presence of silicon likewise iiujiairs its ten.'-ile 
strength, whilst sulphur in small quantities in- 
creases the strength; but phosphorus, again, it 
present in any considerable amount, decidedly 
weakens cast-iron. The strongest pig-irons, thoii, 
are such as have been smelted with cold-blast from 
either hsematites containing but small proportioiis 
of silica, or from argillaceous ores, 

Kemeltiiigfor a certain number of times improves 
the strength of cast-iron, since the earlier remelt- 
ings each eliminate a certain amount of silicon, 
which is oxidised and passed into the slag; also 
whilst the total amount of carbon remains practi- 
cally the same, a proportion of the graphitic carbon 
is changed at each fusion into combined or dis- 
solved carbon, so that the iron approaches aftcu* 
each remelting nearer to the character of white 
iron, which, although stronger than grey iron, is 
less tough, and hence repeated rcmclting re:ider> 
the iron less applicable for the production of 
castings where toughness is required, as for stnic- 
timal ironwork. 

The tensile strength of pig-iron varies between t 
and 14 tons to the square inch of section, but the 
average for good cast-iron is about S tons. The 
transverse and torsional strength of pig-iron is low, 
each varying between 1*5 and 4*5 ton per square 
inch ; and it has an avei*nge shearing strength of 
12 torrs to the square inch ; whilst its crushing 
strength ranges from 25 to 00 tons, the average 
of good sound specimens being from 40 to 
45 tons per square inch of section ; but these 
figures vary with the length of the test-piece 
employed, the higher figures for the crushing 
strength being obtained with .sliort test-pieces. 
Owing to the high strengtli of east-iron under 
a crushing or compressive stress, this metal is 
usually employed in the constructive arts for 
columns, struts, etc., and but rarely in such mem- 
bers of a structure as are subject to torsional, 
tensional, or transverse stre.sse.s. Cast-iron is thu.s 
stronger than wrought-iron in compression, but 
much weaker in tension ; and within a limited 
range of stress it is tougher, or permits of a greater 
degree of deformation than wronglit-iron, but its 
range of deformation is not large — hence it is not 
so safe as wrought-iron when .subject to suddenly 
applied stresses. 

Engineers generally require the cast-iron used 
for structural purposes to be grey, and such that .a 
cast bar two inches deep and one inch in thickness, 
supported on centres 3 feet ajKirt, will not break 
under a load of le.ss than 28 cwt. supported at tlu^ 
centre. In pig-iron a uniform dark-grey colour, 
with strong metallic lustre, indicates toughness ; 
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whilst a hark colour, an absence of metallic lustre, 
with a dull more or less leaden hue, and a slightly 
mottled appearance, indicates a weak iron • but if 
the iron be light grey in colour, with a high lustre, 
then it will be strong and tenacious ; whilst a light 
grey colour, without lustre, shows an iron which is 
hard and brittle, the brittleness being more strongly 
marked as the iron becomes of a dull white or 
greyish-white colour. The pig-iron smelted entirely 
from ores (mine) without any admixture of pud- 
diing-cinder or slag, is knowm as alt-mine pig- 
whilst where slag or cinder is added to the 
furnace charge, the product is known as an in- 
ferior pig-iron, “ ehider^pig.'- Glazed or Mazed pig is 
also an inferior, highly siliceous pig, often produced 
when a furnace is first started. Spiegelemn is ^ 
hard white highly manganiferous pig-iron, while a 


scribed as being of No. 1, No. 2, Nu. 2», No. 4, or No. 4 
forge quality ; whilst in the LarieasLire flLtrict the 
numbering is the same except that tiie No. 4 foive 
or strong forge of the Cleveland district, is repre- 
sented by A', Hiem.'itite pig-iroi:.s are again 
scribed as No. 1, N«.>. 2, or No. '6 Hmuiatite cr 
Bessemer pig-iron. Of tlie Lancashire or C!e\’t> 
land numbers, No. 1, No. 2, and No. 3 are especi- 
ally applicable to foundry purposes and for special 
.castings; No. 4 is also available for foundry pur- 
poses if mixed witii orher softer irons ; \vhilst No. 4 
forge: or V is used for conversion intomalLable iruji 
in the puddling furnace, and cannot he advaiitau’e- 
oiisly used for foundry piirpo.-es. Tiic market %-a,h-w 
of the several grade?? usually decreases from No. 1 
to No. 4, theviiigber number being the cheaper iron. 

No. 1 pig-iron of any luund is the darkest grey, 
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pig-iron still riciier in manganese timn the last 
mentioned is called ferromanganese. The pig- 
irons smelted from Ineinatite iron ores— and which 
owing to their comparative freedom from sulphur 
and phosphorus are well adapted for conversion 
into steel by the Bessemer or open-bearth p)rocesses 
in acid -lined vessels or furnaces —are described as 
or ^'Bessemer pig- mms'' ; and another 
class of pig, low in silicon but rich in phosphorus, 
which is specially manufactured for conversion into 
steel by the Basic process, is sometimes called 
“ Basie pigs.''" Further, the pig-iron is described as 
“ hot ” or eold Mast pig-ironf according as hot or 
cold air is employed in the blast-furnace ; and 
lastly, tiiere is a very limited production of pig-iron 
in which charcoal is the fuel employed, and such 
metal is spoken of as “ charcoal pigP Besides these 
classifications each pig of iron is marked with a 
name, letter, or brand indicating the place of its 
manufacture, and lastly, it is usual to distinguish the 
various qualities or grades of every brand by numbers 
or marks which serve to indicate to the forge or foun- 
dry manager the purpose to which the pig-iron is ap- 
plicable. Thus in the Cleveland district, according to 
the colour, strength, and general appearance of the 
fracture of a freshly broken pig, the metal is de- 


tlie most graphitic, the softest. mo.sr fu.sible and 
least tenacious of the nuinber.s. The pig.s break 
with a dull leaden sound with a largely granular 
fracture ; but it makes th.e most accurate eastings, 
and is thus used for light ornamental castings not 
requiring great strength. Beside.s being the richest 
in graphite, it is usually also richer in silicon and 
manganese than the higher numbers. No, 2 pig-iron 
is lighter in colour ; usually the .surface of the pig L 
smoother, finer in grain, more regular in fracture, 
also a little harder and strong'er than No. 1, but is 
not quite so fluid wBen in the molten state. No. B 
is still lighter in colour, its crystals are mucli smaller, 
the fracture smoother, more compact and dense- 
looking; it is also much harder, stronger, and. 
tougher than the low’er numbers, ami is conse- 
quently largely used in conjunction witli scrap for 
the large castings required in structural ironwork. 
No. 4 is stronger than the lower number.s, ir is 
also whiter in colour, more lustrous, with a granular, 
uneven, and more or less mottled fracture. No. 4 
forge, strong forge, or V, is almo.>t wiiite in colour, 
presents a dull flaky appearance on fracture, and is 
unfit for foundry use owing ro its want of fluidity 
when melted : it is used entirely for conversion into 
malleable iron by the puddling process. r- 
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PROJECTION.— IL 

[Contiimed from %i. 

PROJECTION OF SOLIDS * 

^4LL the solids above mentioned are developable 
their boundary surfaces can be formed from 
a iat sheet by cutting to shape, and folding with- 
out any extension or compression at any point of 
the sheet. The development of some of the 
principal solids is shown (Figs. 10 to 20) by the 


student make himself a set of these models. These 
developments should be drawn with rather a hard 
pencil, which should be pressed hard on the paper 
so as to slightly indent it, and it will be found that 
the paper can be folded exactly at the lines 


Fig. 12. -Half-cone 


Hexagonal Prism. 


Fig. 14.-TEr- 

ANGULAE PRISM. 


Fig. 15. — Pent- 
agonal Pyramid. 


Tetraiiedron. 


Fig. 18.— Octahedron. Fig. 19,— Dodecahedron. 

thick full lines. The thick dotted, lines show where 
the paper must be folded. The narrow strips 
indicated by the thin lines are for the purpose of 
retaining the edges in position. They may be 
gummed down, if a permanent model is required, 
but if the cardboard or stout drawing-paper be cut, 
as shown in Figs. 10 to 20, it will be found that the 
narrow strips on being folded over keep the model 
in position without the use of gum. Thus the 
student maj?’ have a set of collapsible models of tbe 
solids’^he is studying. It is essential that the 
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Fig. 22 ^■I^[Ows the plan and elevation when the 
square bases are parallel to the ¥.P. The elevation 
h' v' (V sliuuld be drawn lirst— a square of IJ'' side 
— in any position. The plan is drawn by taking 


be the centre of tlie hexagon ah c 
tion is got by taking projectors .1 
X y, and a project or from ?\ maikij 
In viewing the pyramiii from th 


project OLS from al V d S: at right angles to x r, 
drawing the plan ah c dot the front face parallel 
to X y, and marking the plans of the long edges a e, 
; r, f hf, e g, dll, Qqadi 

^ ^ to tr. 

f The elevation 

j df(/ hf of the 

j back face coin- 

I cides with the 

y > Ji jf elevation 

of the front face. 

j If the prism is 

! viewed from the 

/ I lowest 

/ j Jg edge AE would 

^1/ ! / be hidden; its 

I / plan a is there- 

/ fore drawn dot- 

ted. Similarly, if 
Z ' d when a solid is 

Tig. 24 . viewed from the 

front any line is 
liidden, the elevation of this line is drawn dotted 
{me v' h\ ?/ d in Fig. 23). 

Bmviple 3.— Regular hexagonal pyramid, base 1'" 
edge, height 2'b Suppose the he.xagonal base to 
rest on the H.P., its plan will be a regular hexagon 
a. h eel ef (Fig. 23). The axis of the pyramid will bo 
^ ertical, and therefore the plan v of the vertex v will 


VB and v c would be invisible, the lines ai 
v e in the elevation are therefore drawn dotted. 
Example A — Cube edge. This isaparticul 
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case of a prism, and can be drawn by the methods 
shown in Example 2. Note that de'z=:ah 
^(Fig.24). 

. 5.— Octahedron 2" edge. Considering 


the solid as formed of two square pyramids set base 
to base, wo may draw the plan ah c d, a square of 
^2" edge ; the two vertices e and p of the pyramid 
Avill be respectively above and below the centre of 
the square base. The plans e and/ will coincide 
with the centre of the square. If the student 
study his model closely, lie will see that iJiis solid 
has three equal axes AC, BD, E F, Now we have 
drawn the solid in such a position that A c and B D 
are parallel to the H.P., and therefore rs c and 
are each equal to the true length of the diagonal. 
The diagonal E F is also parallel to the V.P., its 
elevation e'f is therefore equal to the true length 
of the diagonal, i.c,, equal to ae or h d. 

The elevation of the solid is therefore drawn 
thus : — Project df from c or /and equal in length 
to a c or h d. Bisect e\f by a line parallel to x Y, 
which^will represent the elevation of the square 
base. From h, e, d on the X-)lan, project a', ?/, o', d' 


to this line. Complete the elevation a.s shown in 
Fig. 25, taking care to draw the invisiljle lines 
dotted. 

&amj)le 6.-— Right cone, base ?>' diameter, hei<dit 

, " ■ 

Fig. 26 shows the solid resting with its circular 
base on the H.P. The plan is a circle 3'' diameter, 
the plan of the vertex v is the centre of this circle. 
From a and h, the extremities of a diameter x>arallel 
to XY, project and yon to theXY. i>oui r 
draw a projector and mark on it F, above x y. 
The triangle v' a' V will be the elevation required. 
Straight lines can be drawn on the surface of the 
cone passing through its vertex. In the ligure a 
number of such lines are represented in plan and 
elevation. 

Example 7. — Right cylinder, base 2" diameter, 
length 3'". 

If the circular base is parallel to the V.P., the 
elevation will be a circle 2" diameter, and the plan 
a rectangle (Fig. 27). 

The student who has carefully studied the above 
seven examples will have noticed that the solids 
are not strictly defined as to position relative to 
the co-ordinate plane. If certain conditions are 
specified, the student should take his model and 
place it in the proper position relative to the co- 
ordinate planes, before drawing plan or elevation. 


Figs. 21-27 are drawn representing the solids 
the following j)ositions .* — 

Example 1 (Fig. 21).— Resting with its base 
the H.P. and a rectangular face parallel to and 
in front of the V.P. 


5^4 
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EWiijtjfle 2 (Fig. 22). — With base j>arallel to and 

in front of ilio Y.P., one long edge in the H.P., 
and a rectangular face inclined 30° to the H.P. 

J'JjunnjiIe 3 (Fig*. 23). — With base resting on H.F., 
the corner nearest V.P. being Y' from it, and one 
edge of base incjined 15° to Y.P. 

Examjyle 4 (Fig. 24).~lVith one face resting on 
H.P. and another inclined 30° to V.P, one edge 4" 
from Y.P. 

]'2j'ami)h 5 (Fig. 25). — Y'ith one axis vertical 
and 2" froro Y.F., and two axes horizontal and in- 
clined 15° and 75° respectively to the ^hP. 

Examjjle 6 (Fig. 20). — Witli base resting on the 
H.P., and axis 2Y' in front of the Y.P. 

Example 7 (Fig. 27). — Eesting on the H.P. with 
axis horizontal and at right angles to the Y.P., bases 
3J" and W respectively in front of the Y.P. 

Example 8, — Draw plan and elevation of a tetra- 
hedron "E edge, when one face rests on the H.P. 
and one of the three sloping edges is parallel to the 
Y.P. The plan will evi<]ently be an equilateral 
triangle a he of E .vide, with lines going from a, h, 
and a to d, the plan of the vertex. From the sym- 
metrical form of the solid, it is evident that d must 
be the centre of the triangle a he. Also the plan of 
one of the sloping edges, a.s h d must be parallel to 
X Y, since the edge b D is to be parallel to the Y.P. 

The elevations a! h' d of the three lower corners 
are in the XY, and can he projected as shown. In 
the specified position of the solids' and d coincide. 

Draw a projector from d and with centre h' and 
radius equal to a h draw a circular arc cutting this 
projector in the point d! ; which will be the required 
elevation of the vertex D. Join d! to h and a! d. 
The elevation is now complete. 

Let 5 be the point where the projector d d' cuts 
the X Y then Zd! is the height of the tetrahedron. 

In a regular solid the edges are all equal, and 
therefore in the tetrahedron the six edges are equal. 
We have chosen the above position of the solid, so 
that the true length of one of the sloping edges 
should be seen in the elevation 1/ d\ and the height 
Zd' be thus easily determined. If the plan has been 
drawn with none of the lines a d^ h d, c d parallel to 
X Y, a preliminary construction would be necessary 
to determine the height of the solid, 

The woodcuts Figs. 21-28 are half full size of the 
given dimensions ; the student, however, is recom- 
mended to draw out all these examples full size. 
He should actually dmw all the examples given, 
and not be content with merely reading the text 
and glancing at the figures. 

As a further exercise on the subject matter of 
this lesson, the solids represented in Figs. 21, 23, 
24, and 25 may be drawn in such positions that 
there are fewer lines shown in the elevations. 


CFTTIXCI TOOLS.— II. 

. 'Bv R, H. Sm'ITh, 

Profcmrir of Mtcuaii \-ifi Kmj'rr', Xt'.iij, MashiC^^ 
Blr.,t<rpri.d. 

frcmi p. 20.] 

CHISEL-IXM Fuil WOOD. 

Eclatlons hefteecn CJiiHcl-foah. — It is easy to 
recognise that there is sciine cousklorable re- 
semblance and intimate relation l^etween the modes 
of action of such tools as tin? iron wedge for split- 
ting wood, the axe, the adze, the hatchet, the pen- 
knife, the paring and morrl.smg chisels, and the 
spoke-shave. 

Wedges . — Tliis group of tools has been placed 
first on aceounl of its comparative simplicity. 

The iron or steel \vedges used for splitting open 
logs of timber range from two to live inches wide, 
and in length up to six or seven incluts. For 
harder woods they should have a gentler taper 
than for softer timber. The edge is ground to a 
much more rapid bevel than tiie general taper of 
the w-edge. The object of this is evidently to 
obtain a moderately .sharp taper without having a 
long, thin, weak p)art at the working extremity of 
the tool. (Several wedges are insert efl in the line of 
the split it is desired to make, the number used 
being proportioneti to the breadth of tlte split. 
They are inserted by blows wdth a hammer, or, if 
the w’ood is too hard to permit this, a shallow' saw- 
drift is sawm across the surface-* along the line of the 
intended split, and the wxHiges inserted in this. 
They are then driven in by blow’s from a hammer 
or axe, care being taken to distribute tlie blow’s 
along the row' of wedges, so as not to let any one 
wedge be driven much farther in than any other at 
the same time. 

Y'hile tlie rapid bevel of the extreme edge is 
entering, no splitting of the wood takes place 
(Fig. 1). A portion of the wood is simply crushed, 
The farther the point gets into the 
wood the wider is the area over 
which the tool crushes the wood 
beneath it, and the deeper does the 
crushing extend. It would thus 
be impos.sible to continue the large 
'angle of bevel to any great dis- i, 7 }.;i?iirj//it i 
tance from the point of the tool, j , /,' ! !i lldlfT | !|1 j j [ 
This large-angled bevel must be 
very short, and beyond it must 
begin a much more finely-tapered part. This is 
the true wedge ; and, as soon as it gets belo’w the 
surface sufficiently for its sides to bear well against 
the timber, the splitting commences. 

After the split has begun, the w^edge bears 
against the top edges of the split surface^ The 
arrows (Fig. 2) show approximately how it pushes 
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ont the timber on either side. The two halves 
beyond the point to which the split has already 
extended cling together in opposition to the force 
of the wedge that seeks to separate them. Over 
*tl\e surface that is just about to split open, the 
left-hand half of the wood (marked A in Fig. 2) 
pulls the right-hand half, B, in the direction shown 
by the arrow 2. 

We find, then, the block of wood, B, pushed to 
the right hand by a force represented by the arrow 
1, and pulled to the left 
hand by another force 
lower down, represented 
by the arrows 2. It is thus 
clear that it must be kept 
in balance by a third force 
acting on it lower down 
than the arrow 2, and in 
the direction shown by the 
arrow 3. This force 3 can 
be exerted by nothing but 
the surface of the half- 
block A pressing against b 
in the direction of the 
arrow 3. While, therefore, 
the action of the wedge 
makes the two halves of the block pull away from 
each other at about the level of the arrow 2 (ix., 
throws the timber into tension in this x->nrt of it), it 
simultaneously causes the lower portions to push 
against each other — that is, it throws them into 
(mnpression. 

It is evident that the tension, is greatest close 
below the last point at which the two split surfaces 
have actually separated. From this point down- 
wards the intensity of the tension decreases 
gradually, until at a certain level it has diminished 
to nothing. Here the wood is neither in tension 
nor comx)resslon, and beyond this position down- 
w’-ards the compression gradually increases from 
zero to a maximum intensity at some level depiend- 
ing on tho longtli of the block. The compression 
then diminishes again the farther one goes from 
the extremity of the split. 

'J'he length over w’hich the wood is thrown into 
tension by the action of the wmdge depends 
altogether upon the curve to which the splitting 
surface of the half-block is bent. The rounder 
tins curve is the shoitor becomes the length of 
wood tlirown into tension, and conversely. The 
block will bend to a sharper curve the softer and 
more xhiable the kind of timber is. The curve will 
])e straightcr, on the other hand, the thicker the 
block is from the line of the split to its outer 
surface on the right hand. Now the whole pull, 
indicated by arrow 2, is roughly proportional to 


this length over which tension is distributed, 
because the intensity of the tension per square inch 
of surface increases gradually from zero at the 
lower end of this length up to just that amount at 
its upper end necessary to tear one surface quite 
aw^ay from the other. This last maximum intensity 
of tension is the same for different blocks of tlie 
same kind and quality of timber. It is simply the 
measure of the direct tensile strength of the wood 
across its grain. The stiffness of the wood, on 
which depends the straightness of the curve and 
the length of the surface over which tension is 
caused, is measured by the modulus of elasticity. 
As for the exact ratio in which the juill that the 
two halves exert on each other in clinging together 
varies with the above - mentioned elements, an 
approximate theoretical calculation can be made, 
and this shows that (other things being equal) 
this pull is proportional to the fourth root of the 
modulus of elasticity and to the fourth root of the 
cube of the product of the tensile strength by the 
thickness from the split to the outside surface. 

That is, if E = Modulus of elasticity, 

T = Tensile strength in the direction 
transverse to the split, 
and h = thickness from split to outside 
surface, then the pull represented by arrow 2 is 
proportional to 

It varies also, of coarse, in simple proportion to 
the width of the split; 

This force 2 is balanced by the forces 1 and 3 
together. The jDortion of it balanced by 1 de- 
creases as the distance from 2 at which 1 acts, 
that is, the length of the split, increases. The 
same apx)roximate calculation as is referred to 
above shows that, roughly speaking, it varies 
inversely nearly in proportion to the length of tho 
sxDlit, and at the same time varies directly in pro- 
portion to Taking the last term of this 

ex]:>res.sion separately, it is seen that the transverse 
force which the wedge exerts on the edge of the 
wood increases in the ratio of the square root of 
7i^ or the thickness of the piece split off ; that is, it 
increases in a faster ratio than this thickness but 
not so fast as its square. If, however, the split bo 
extremely short, the jjoint of the tool following 
close to the point of actual separation of the 
material, and the pressui'e of the tool being exerte<l 
close to its edge, then this pressure varies more 
nearly with the fths power of the thickness ol 
tho shaving; that is, not quite so fast as that 
thickness. 

Wedge- Action in Cuttbig Tools . — The object of 
explaining so minutely the action of a wedge in 
splitting a block of wood will be soon seen, when 
we find that an important part of the action of ah 
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curling tools is quite similar to that of the simple 
\vc<lge. The results of the above investigation will 
serve to ex]ilaiii many points which are, at :hrst 
sight, and taken by thcunselves; difficult to iiiider- 
.-land, but in the elucidation of which no time need 
be lost, now that a clear corapjrehension of the 
eiTect of the simplest of all tools has been gained. 

1 1 is to be remembered that the ^Yedge acts in 
two ways. At lirst, when the sharp-pointed edge 
is entering, it causes no splitting, but simj)Iy 
crushes and pushes aside the small quantity of 
materia.l in close proximity to its edge and into 
which it penetrates. After it has got a. certain 
distance, it begins to cause a split in advance of 
its edge, in the manner described in detail above. 

Morth^'riU} Chisel . — Of the tools belonging to this 
lirsr group, that which bears the most resemblance 
to the simple wedge in the mode of its action is the 
common niortising" chisel. It also is driven forward 
by blows from a iiammer, and the thicknesses of 
the pieces of wood removed by it being large, it 
acts to a great extent by splitting. Its edge, how- 
ever, is made rnncli finer and sharper to give more 
penetrative capacity, in order that it may cut tlio 
fresh surface clean and smooth (in a manner that 
will be presently explaiiied), and because also it is 
used to cut transversely to the grain of the wood, 
in which direction the wood both yields to the 
penetrating edge and also splits with much greater 
difficulty than in the direction of the fibre. The 
tine edge, is, of course, more liable to be broken by 
the shocks of the blows than that of the common 
wedge, and, therefore, a wooden hammer or mallet 
is used in order to mitigate the violence of the 
shocks. One other difference is that the one 
surface of the mortising chisel is made quite flat, 
the hovel which makes the extreme edge being put 
all on one side. This fiat surface acts as a guide 
whereby the tool may be advanced through the 
wood in a straight line, cutting off all the material 
lying on one side of that line. The mortising 
chisel is used as a, hand tool, but also as a machine 
tool. In this latter form the chisel is fixed in a 
socket attached to a slide driven down and up 
guide-surfaces in the frame of the machine. The 
driving is accomplished either by hand or by 
,q:)ower. ■■■■■ 

The ordinary woodman’s axe (Fig. ;■>) lias 
both sides rounded off equally, there being no flat 
bevel on either. This allows the workman with 
greater facility to cut into the wood at any angle 
he may desire to the surface upon which ho is 
working. The surfaces being rounded so prevent 
him from obtaining accurate flatness in Ms work, 
but for bis juirpose this is of no consequence. The 
handle, or shaft as it is called, should be of straight- 


grained ash, and is inmlu from g to 4-i feet long. 
The workman swing.s tin,* a::e round with the full 
stretch of iiis arms so as to bring it to the greatest 



Fig. 3. 


jrossible velocity at the moment of striking into the 
timber. 

The shaft is made oval the greatest ditaneter 
being in the plane of the blade, 'i'lie shock of the 
blow being: in this plane, tiie strength of the shafts 
to resist breakage requires also ti) be in the same 
direction. As gretit a depth as can be eoiivenientiv 
grasped in the hand therefore, given in this 
plane. By making the traiisverse thickness siiialler 
this depth cati be made greater, beean.se the size 
that can be firmly grasped iti the hand depends 
more on the length of t he circiimferenee than on 
the diametral size, the fingers acdoiiMuoclating 
themselves to any desired shape. Tlie oval section 
also allows the workman to know by the feel in 
what position he has hold of the axe, and so to 
direct it that the edge may fall on the wood at the 
desired angle. 

Hatchet . — The hatchet has a short straight shaft, 
and can be wielded with one hand. What is called 
a side hatchet has the thickened head for the 
reception of the shaft end lying all to one side, so 
as to leave one side quite flat. No bevel is put on 
the edge on this side, the bevel being wholly 
ground from the other side. This is used for 
flattening the vertical sides of posts, etc., but is 
not a good tool for the purpose. 

ArZre.— The adze has a blade which stands pjer- 
pendicular to the shaft and to the plane in which 
it is swung. Tiie blade, ns shown in Fig. 4, 
is curved in the direction in 
which it is swung. This allows 
the blade to lie flat down on 
the surface which is being 
worked, and thus act as a guide 
to the advance of the cutting 
edge; and at the same time 
allows the end of the shaft to 
clear the surface of the timber. 

It also allows the tool to be 
heeled over slightly after being 
driven into the wood, so as to 
break off the shaving. that has been cut. The sliarp 
end is made by grinding one bevcT only, which is 
on the inside, tliat is, away from the timber being 
cut. If the outside is quite straight crosswise, and 
regularly curved, this tool is capable of producing 
very true flat surfaces. It is itsed botii with ajong 
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shaft, swung witli both hands, and with a shoi't one 
held in one hand only. In using* the long-shafted 
adze the workman stands on the log to be cut, 
which is laid horizontally, and makes the cut either 
* between or directly in front of his feet. 

The pen-km^^ is in every respect 
similar in form of cutting* edge and in action to the 
axe with a two-bevelied edge, except that it is 
driven into the material to be cut by a steady 
pressure, not by a blow. Being rounded on both 


sides, it is incapable of producing truly flat 
surfaces. 

FarifUj Chkeh—T\\Q most perfect instrument of 
the sort now being described for cutting wood is 
the ordinary p)aring* chisel. These chisels are made 
from <5 to 10 inches long, and from -^th of an inch 
to 2 inches wide. In order to give sufEcient 
strength, the very narrow ones are made extra 
thick, as shown in Fig*. 5, h. The length is made 
greater for the larger widths, but in consequence of 
frequent re -grinding and re - sharpening, broad’ 
chisels of very short length are as often met with 
in the workshop as narrow^ chisels are. 

In the process of manufacture both faces of the 
chisel are ground. One of these is ground very 
carefully flat. The other side is ground to a bevel 
at the edge, tlie angle between the bevel and tlie 
flat face being about In cutting vertically 

the wood to bo cut is steadied in its position on 
tlie bencli by t!ie left hand, and the chisel handle 
is grasped by the right hand. The left shoulder is 
l>laced on the top of the chisel handle, and pushes 
it forward, while the right hand guides and steadies 
it, tlie flat face of the blade being always kept 
Towards the workman. 

In paring horizontally the wood is fixed in the 
vice or on the bencli, the blade oL’ the chisel is 
grasped and guided by the left hand, and its 
wooden handle is driven forwards by the pressure 
of the right hand. 

In sharpening the chisel on the oil-stone, some 


workmen lay the bevelled surface flat down on the 
stone, so that the whole surface is rubbed on it, 
but the more common custom is to rub only a small 
facet, making, with the flat face, an angle or 10'' 
greater than that of the ground bevel. If the 
chisel has been ground carefully to a flue edge, the 
first method may be followed with great advantage 
at the first setting on the oil-stone, but in .subse- 
quent re-settings much time is lost by doing so, 
because of the large surface to be rubbed down. 
Whatever be considered the proper angle for 
the facet, it is easy to grind the bevel to an 
^ angle smaller than it by a few degrees, ami 
thereby to secure a small sliarpening surface 
on the facet. The advantage of rubbing down 

D the ground bevel at the first setting seems to 
consist in providing a sui’ooth surface over 
wliich the shavings may slide, whereby le.s.s 

3 force is required to shove the chisel onward. 
It costs but little trouble to smooth away the 
roughness of the grinding, because Ibose, in- 
— stead of constituting a complete unbroken sur- 
j face, are actually merely projections scattered 
here and there, the total area of which bears 
a small ratio to that of the surface on which 
they stand. The first edge, prepared in this way. 
stands nndulled a, considerably longer time than the 
subsequent edges with the larger facet-angle do. 

DEAWINTG FOR CARPENTERS AND 
JOINERS,— II. 

[Continued, from j). 2S.] 

PEXetL DRAWINGS (contlmied). 

Examjyle 4. — Fig. 10 is the .section of a wall of 
planks which confines soil subject to the action of 
water. This form of wall is used in cases when* 
the soil is very swampy in character, or where the 
external water might pass through fissures in the 
bed of the stream, and so disturb foundations built 
on the soil. 

The piles a are 12" square in section, and are 
Xflaced 5 feet apart. They are connected by the 
cross timber which is notched 2." deep to receive 
the piles, and which re.sts on the bed of the water. 
The x^iles are also connected by the cross timber h 
near tlieir upper ends. Sheet piling e of planks 
8" X 4" are driven down into the bed of the water, 
and then a strong rail e G" square is placed at the 
buck of them and a V/' bolt, ]passing through r, h, 
and (Z, binds them all firmly together. 

Draw the section Fig. IG to a scale of half an 
inch to a foot, a.nd draw also a longitudinal eleva- 
tion showing four or five }:)iles ; draw also a jfian. 
Tlie three views to be properly projected from each 
other, compare Figs. 3, 4, and 5. 
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Example 5. — Fig. 17 is a section of a siinjAer kind 
ot wall than that shown in Fig. 10. The piles a 




are ot the same 
dimensions ns 
in Fig. 10, til e 

■ })Ianking i> 

horizontal, and rests dii’ectlv on the back of the 
]>iles. Tiic piles are united at the top by the cross 
timber h into which the}’ are mortised. 

Braw the views corresponding to those in 
Example 4 — viz., section, longitudinal elevation, and 
plan. Scale, 4 inch to a foot. 

Example 0. — Fig. IS is a section and Fig. 19 an 
elevntion of the wall of a coffer-dam, A coffer- 
dam is a water-tight wall enclo.sing the site on 
which the pier of a bridge, or other structure sur- 
rounded by water, is to be erected. They must, of 
(.‘ourse, be made strong enough to bear the pressure 
of water from without. The coffer-dam illustrated 
in Figs. 18 and 19 is constriicled by throe rows of 
])iles a-, c the two rows nearest the water a and 
h being of the full height of tlie coffer-dam and the 
t.hird c, being half the height. In the example 
under notice the piles are 12" square in section, 
and are spaced 5 feet apart. The distance between 
the rows is (>' 0". The piles are united at the top and 
near the middle by cross timbers and 0 " square 
in section, placed one on each side of the piles ; 
notched, and having a bolt passing through the 
three timbers. {Sec Fig, 20.) The row of piles 
ai-e connected in a similar manner by the cross 


timbers e. Besting on these, timbers /; 0" x 6", are 
laid across in pairs, one timber on each side of the 
P'ik‘s, and a L}" bolt pass<*.s 
tliiuiigh the. three timbers, 
iiiiitijig t,Liei;ii securely. An in-' 
clined stout pile g is also .fast- ■ 
ened. in.' the, same way, todiie ' 
fiiiil/ers /; and at, the top. to , 
the pile h by th.e^ woode.ii key 
and iron strap sliowii inxletail" 
(Hig. 21). The . trans v.erse'di.m'. 
hers u at the .top of . the long 
piles are notched clown on the 
longitudinals The space be-"' 
tween the pales. Is filled, in by' 
sheet piling k driven down b,e- „ ' ' 
tween the longitudiiiais E. 
and L\ 

Lastly tl’se space between the 
rows of piles is filled with clav 
well rammed to make the wall , 
watertight. 

Witli regard to the struts 
in. the abo\'e example, Tredgold ' 
says, ‘dStruts in the body 'of 
the <lam at a Itivel much below 
high water are objectionable, 
as they would hinder the packing of the pmddlo, 
and he a fruitful source of leakage afterwards, 



Fig. 18 . 

from the water creeping along them and causing 
the puddle to settle.” 
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between the Uyo rows of piles. The plankin.e" d d is 
liorizontal. aii«l re.-ts np’ain.'t iniier siiles oi; the 
piles. Draw tlie exannhr wiili the ] ik-s driven 
H feet iiitf.) the -cdl. and witli a distaiice of 
10 feet from the ti)p of the tranr'V('rs<‘ tiieber e’ 
to tlie Mirface ul’ the suil. tScade, half-inch to a 
foot. 

In the above e.xaiu]ries thi' piles r.re iiiarked 
with a definite length buried in llie snil. These 
figures must be regarded as a] .proximate. In 
practice the piles are driven nniil tli*w have gut a 
iirm bold of the soil, tl:e tops are tln-n sawn uif 
to the same level. Piles from 10 indn-s to 
14 indies are driven by a “ monkey " w~ekiir of 
3,000 to l.TOOlb. Sheet piles b or 0 inches wide, 
and Ij or 4 indies thick n-qiiire a weight of o(K) 
to 9001b, Digs. ami 20/^ show n ‘■monkey’' 
and its guide post : the monkey is shoovn resting 
on the top of a pile, it is lifted by a crane, and 
when at a convenient height is ler fall on the 
head of the pile, being guided in its descent by 
the giiide-po>t. The monkey weight, or rammer, 
is made of beecli or other haid wood, and i> 
bound by iron straps as >howm 

A colTer-daui used in the construction of tlie 
Alexandra Dock. Hull, was “ lf»l feet long, con- 
structed of two rows of piles b feet apart, with clay 
puddle between, the piles being 50 to 00 feet long, 
and driven about 33 feet into the ground, the main 


Draw the views shown in Figs. 18 and 19 half- 
inch to the foot. In order to make a thoroughly 
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good working drawing, detail drawings of the 
various joints should be made. Fig. 20 shows such 
a detail drawing of the joint at the top of the row 
of piles e. The jiosition of bolts 

is indicated by the centre lines / 

and by the washers drawn ii k A /Al / 

position ; the student may com A A iV ^ y 
plete the drawing of the bolts. V \ / 

Fig. 21 is a drawing of the joint V 

of the strut y and pile k Draw 

also details of the joint at the — — 

top of the long piles a and k 

These detail drawings should be 

to a fairly large scale, say 3" to | Jrrong/it iron Siraf> 2 x 

a foot. T 

Mxam^le 7. — Fig. 22 sho\vs a 
section of a simpler coffer-dam 
Taking the timbers of the same ^ 

section as in E.xample G, make a 
series of drawings similar to 
Figs. 18, 19, and 20. The piles a a K A K 
aro united at the top by a longi- / \ / \ / V \ 
tudinal h, a tongue on the end of ^ V 
the pile being fitted .into the 
longicudinal ; cross timbers e are notched down 
on the longitudinals, thus preserving the distance 






piles reaching down to 54 feet below high water. 
It was commenced in July, 1883, and completed in 
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June, 1SS2, r.iul containod (>7,702 cubic, feet of 



timber. The piles were mostly pitch p)hie or 
Mcmel, and several of the main piles required 80 


to 40 blows of a 1-fcon monkey falling 8 feet to 
drive them an inch. The inaximum detlectiou of 
the dam was 8 inches, from external pressure at> 
the centre.” The two rows of piles were connected 
by a series of 2" bolts. The foregoing information 
is from a paper by Hurtzig published in the f trans- 
actions of the Institution of Civil Engineers, Vol. 02. 

The following practical hints are by Mr. Dobson : 
“ Leakage between the puddle and the surface of 
the ground will generally take place unless all tire 
loose, soft, or porous surface soil be removed by 
dredging before the jmcldle is put in. The framing 
and strutting should be sufficiently strong to 
prevent any straining or movement under the 
varying pressure to which the dam may be exposed 
by alternations in the height of the water; and 
lastly, the material used for the puddle should be 
such as will settle down into a solid mass, and 
should be carefully punned in thin layers so as to 
secure that no vacuities are left in any part. The 
tie-bolts used to connect the inner and outer row’s 
of piles arc often found to be very trouble.somo 
sources of leakage, as the w'ater soaks in round the 
bolt-holes and it is difficult to keep the puddle 
from settling away from the bolts, and leaving a 
channel for the passage of water through the dam.” 
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adjustment, the rite rc-nmins eonsTant throughout 
the time of going of the watch, and the balance of 
power between the balance and its spring being 
enabled to be bettor maintained with tlnj 16,200 
train, this train is acco] )ted as tin* best for Endish 
lever watches. In all old watches linver-numbered 
wheels and pinifuis will be hmml tlian are at 
presemt used. Wheii. however, the lever escape- 
ment became general, liigher imnibers were em- 
ployed, but with slower trains (of soruevdiere 
between l-i-,0n0 and 15,u00 vibruiiuns in the hour). 

These sloxv trains are never now used in pocket 
watches, as it is found that as the Utlanee moves 
slowly, the siwing is conseejnentiy weak In propor- 
tion to its weight and diameter, and does not suffi- 
ciently control the movernenT of tlie balance, so that 
any irregularity in the force transmitted from the 
mainspring to the escapement is very nmeh felt, 
and has an effect on the length of the vibrations. 
In addition to this, the jars and motions to which 
a watch is subjected when in use check or acceler- 
ate the vibrations to a greater extent than if the 
spring were proport iunallt* sirongi-r, 

111 the best watches, with wiint arc known as 
high-numbered raovvmenls, the train used is as 
follows : — 

Great Wliwl cViitrc Tliinl Fourth Escape 
Wheel . . S4 SO 70 72 35 

Piniuri. . 12 10 10 8 


The large majority of English watche.s have the 
following train : — 


Great Wheel Centre Third Fourth Escape 
Wheel . . 75 04 00 (i;> 35 

Pinion. , 10 8 S 7 


Though I prefer and always use in watches of an 
inferior quality : — 


Great tVhcol Centre Tliircl Fourth Escape 
Wheel , . S4 04 0-0 m 15 

Pinion . . 12 8 & 7 


It has been shown that there would be a great 
advantage in using pinions of oven higher numbers 
than it is possible to employ in watches, and it 
costs very little more to make a pinion with ten 
leaves than to make one with eight ; but “ high 
numbers ” are usually a distinctive feature of a 
movement of superior quality. 

In small vratches wdiere the high numbers would 
greatly reduce the size of the. teeth, the lowest 
numbers given above are found the best, as- great 
accuracy is not often sought for, nor is it attain- 
able, in watches of very small size. In w’-atches 
wdth the chronometer and duplex escapements the 
18,000 train is used. I have seen Swiss watches with 
even a faster train, but such watches' are w'rong 
in principle, as the balance must be necessarily 


■^^ATCH AND CLOCK MAKING.— II. 

.By David Glasgow, 
of the BHtliili Homh>/tml Tnstitute. 
iConiiniml from p. 

TEAINS, 

The train of wlieels in a watch or clock is the 
method of applying and the medium for regulat- 
ing and distributing the powder from the prime 
mover to the escapement, which regulates the 
speed.. 

The power exerted by wheels on pinions is in- 
versely proportional to the relative diameters of 
their pitch circles, and they may for purposes of 
calculation be considered as a series of levers, the 
centres being the fulcrums and the acting jpart of 
each tooth at the line of centres being their 
effective length. 

The irnpjortance of taking the resistance of trains 
into consideration is continually exeinpjlilied in the 
absurd clocks which are frequently constructed to 
go for si.x month,^, or a year or so, without rewind- 
ing, but which never do go even when inucli heavier 
weights or strong'cr springs than the original are 
put to them, and the only cure 'for which is to in- 
crease tlie leverage by changing some of the wheels 
and pinions, or l>y increasing the size of the barrels, 
■which of course shorten.s the time of their going. 

The trains of wheels used in modern English 
watches are the 18,000, the 10,200, and the 11,400, 
so called because of the number of vibrations made 
the balance in the hour. The total number of 
vibrations made by the escapement of a w^atch or 
clock before the powder is expended is dependent on 
the relative number of teeth in the wheels and 
pinions. The time of the vibrations is regulated by 
the balance spring or by the pendulum. 

The 10,200 is the train nearly always used here 
in lever watche.s, and the 18,000 in pocket chrono- 
meters and duplex escaped watches. The Swiss 
generally use the latter train in all their watches, 
it being better adapted for their frictional cylinder 
e.scapement, with its short vibrations; indeed, for 
any escapement where the -watch is wuthout the 
fusee adjustment, the unequal pull of the main- 
is less felt with the quick train than with 
slow one. The falling off in the arc of vibra- 
tion, consequent on the mainspiring unwinding 
itself, with a 16,200 train with the going barrel, is 
a quarter of a turn in the twenty-four hours, 
and the watch loses as the power decreases; this 
difference is not so great and does not affect the 
of the watch so much with the 18,000 train, 
the balance spring being relatively stronger, and 
this train is accordingly used in nearly all foreign 
watches that are not intended,, to be sold as of 
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made very small and light, and the balance spring 
must be disproportionately strong. 

It has been thoiiglit by some watchmakers that 
nathe balance in these escapements receives the 
impulse only at alternate beats, the vibrations 
should be quicker, but a much better reason for 
applying a fast train to these watches is, that if 
there is not what is called a “ banking ” to check 
the balance in case any external motion or jerk 
causes it to exceed its normal arc of vibration 
sufficiently to allow of several of the escape wheel 
^eetli passing the pallet at once, what is termed 
‘‘tripping” will take place, and the watch will run 
half a minute or so in a few seconds, and this is 
not so liable to occur wnth the quick train on 
account of its shorter vibrations. 

Ships’ chronometers are constructed with trains 
of 14,400, giving four beats per second, and as, like 
the pocket watch with this escapement, the im- 
pulse is given at alternate beats, the seconds hand 
moves at every half-second. 

The seconds being thus evenly divided, it is 
much easier to ascertain the true time or to take 
the rate, either by observing the seconds hand or 
by listening to the beats, 'with one of these instru- 
ments, than with a pocket watch in which the 
seconds are unequally divided ; and as ships’ chrono- 
meters are always kept in a horizontal position 
by being hung in gimbals, and are not subjected to 
such outward disturbing influences as watches, the 
vibrations are not interrupted, and there is not the 
same necessity for having a faster train. 

The movement of a marine chronometer being 
precisely similar to that of its prototype, the w^atch 
—.save that there is proportionally more room— it 
allows of a higher-numbered train. Those now 
constructed are mostly what are called “two-day’’ 
chronometers, and go for fifty-six hours without re- 
winding, the train usually adopted being — 

Great Wheel Centre Third Ponith Eiseape 

Wheel . . 1)0 90 SO 80 15 

Fiiiioji. . 14 12 10 10 

The only dift'erence between the “ eight-day ” and 
“ two-day ” chronometers is in the length of time 
they will go without rewinding ; hence their trains 
differ only in the number of teeth and leaves in the 
great wheel and centre pinion, and the turns made 
by the chain on the fusee. 

In calculating the train of wheels of a watch or 
clock, all tliat we have theoretically to consider is 
the ratio of speed of the first or great wheel to the 
last or escaxie. 

The two facts that regulate the relation of the 
numbers of teeth and the rates of revolution of the 
whe^s of a train are the following : (1) the number 


of turns ill a given time for a wheel and pinion on 
the same axis is the same ; (2) for wheels that are 
geared together, the same number of teeth in 
both pass the same point in a given time ; hence 
the product of number of teeth in the wheel by 
number of turns in a given time is the same for 
both. 

Let E, e stand for number of teeth in wheel 
and pinion. 

Then the train is represented by 

B2 E3 E4, 

^263 64 eg. 

As we are concerned only with the number of 
revolutions of the wheels from the centre Eo to the 
Xfinion 65, we may represent these numbers thus: — 

El eo E2 63 E3 e4 E4 eg, 
TiTiT2T2T3T3T4. 

Applying the second of the above rules to these 
symbols, we have the following equations 

Ti E2 = T2 eg ; T2 E3 = Tg 04 ; Tg E4 = T4 eg. 

Multiplying the equations together, we ob- 
tain: — 

E2EgE4Ti= ege4e5T4, 

Hence Ti : T4 : : eg 64 eg ; E2E3E4. 


Or the result may be otherwise expressed, as 
follows : — 

To ascertain the ratio of the number of turns in 
a given time between any wheels in a train, multijdy 
together the number of teeth of the slowest with 
that of every intermediate wheel, and divide the 
product by the number of leaves in the fastest and 
all the intermediate pinions multiplied together. 
Example : Eequired the ratio of speed between a 
centre wheel of 80 teeth (where the third has 75 
with a pinion of 10, and the fourth has 72 with a 
pinion of 10), and the escape wheel with a pinion 
of 8. Then 


so X 


~ X ~ X = 540, 
10 10 “ 


which is the ratio required, the escape wheel turn- 
ing 540 times to once of the centre wheel ; and this 
number multiplied by twice the number of teeth in 
the escape wheel will give the number of beats 
made by the escapement in the hour, —the number 
of beats being determined by the velocity ratio 
between the centre and escape wheels, and the 
length of time the watch will go by the number of 
teeth in the great wheel, the leaves in the centre 
pinion, and the number of turns made by the barrel 
(if a going-barrel watch) or by the chain on the 
fusee. 

Take the first of the trains given on page 92, and 
let it be required to find the number of turns made- 
while the centre wheel turns once : — 
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Tj Eo = 1 X vSO = x 10, or To ~ 8 . 

1\, K ;5 ^ T;;<^ 4 gjvfis S X 75 = Tj} X 10, or Tg = CO. 

T;> E 4 = T 4 gives 00 X 72 = T 4 x 8 , or T 4 - 540. 

A.g-ain, suppose we know tliat the ratios cf the 

numbers of turns are as 1, S, (JO, 540. and also that 
t iic niiiiilx-r of teeth in the escape pinion is 8, then 
we can iiiid the number ot‘ teeth iathe other wlieels 
thus: — 

’A) E4 == T 4 e,-; gives 00 X E 4 = 540 x S, or E 4 = 72, 
and so on. 

To iind theniiraberof teeth of an intermediate 
wheel -The number of turns made by the required 
wheel: the number made by the next faster: : the 
number of leaves in the next faster pinion: the 
number of the wheel required. 

Example.-— Find the number of teeth in the fourth 
wheel in the first of the foregoiijg trains, having 
given the number of turns in the last two, and 
number of teeth in escape pinion : — 

Tiivn 00 : 540 ; ; S : j: 

540 X 8 

— = 72, the wheel reiitiiretl. 

'J'o find the number of the third wheel pinion:— 
Multiply the number of teeth in the wheel by its 
number of revolutions, and divide the product by 
the number of revolutions of the fourth wheel. 

Example : = 10, the third pinion required. 

To find the number of the fourth wheel pinion :— 
Multiply the number of teeth in the fourth wheel 
by the number of teeth in the third, and divide by 
the number of revolutions of the escape wheel. 


Example : 


: 10, the fourth pinion require^. 


To find the number of the escape wheel pinion : — 
Multiply the number of teeth in the fourth wheel 
by Its number of revolutions, and divide by the 
number of I'evolutions of the escape wheel. 


Example ; 


' = 8, the escape x»inion required. 


To find the number of turns a barrel or fusee 
whoiild make in order to allow a watch to go for a 
certain number of hours (say thirty) Multiply 
the number of leaves in the centre pinion by the 
number of hours required, and divide by the number 
of teeth in the great wheel. 


Example : 


■ 4f, the required turns. 


ihis is the snortest 5vay ; but the usual method 
adopted by finishers is to divide the number of 
teeth in the great wheel by the number of loaves in 


the pinion, raul to .livi'lo the uuniher of Imui-s 
required by the quotient. 

Example : S-l - ]•_> 7 ; uu-i ui* - 7 = .p;. q,,. required . 

io find tile liinuber of gqvut wheel teeth : - 
Multiply the niunber of the centre ] union leavc*^ 
the number of liuiirs the wuteii is ivfp:ire(U J g*; 
and divide by the number c»f turns inmu.* bv the 
fusee or ha rre], '* 

, 12 X m 

Example : s4, the number rf ieetli requiied. 

lb find the number of cemre pinion leaves:-. 
:\Iiilt!ply the mnnl.»er of tlie great wheel teeth bv 
the number of turns of the' fusee or barrel, and 
divide by the number of hours the watch is renuirtd 
to go. 


Example ; 


12; the eciil re pjiiioii leaves required. 


To find the number of hours a 5vatch will go:— 
Multiply the number of great wlieel teeth by the 
number of turns of barrel or fusee, and divide by 
the number of centre }finitjn leaves. 


Example : 


: rO, tlie hours reijuired. 


Motim U7/adx.— The wlmels that carry thehaiuU 
arc called the motion wheels, and consist of the 
cannon pnniun, the hour wliecl, and the minute 
wlieel and pinion. 

Iho minute wheel and its pinion have nothing to 
do with tiie carrying of the hands, but are simply 
intermediate between the cannon pinion and the 
hour wheel, for the purpose of regulating the speed 
of the latter, which is as 1 of the hour wheel to 12 
of the cannon pinion. They rotate on a stud, 
which is screwed into the plate in the plane of the 
wheel and pinion with which they gear, and are 
usually kept in their place by the dial of the watch. 

llie hour wheel turns on the cannon pinion, and 
carries the hour hand, and the cannon pinion carries 
the minute hand. 

In a full plate watch the cannon pinion is fixed 
to the arbor of the centre wheel by being snapped, 
or sprung on, sufficiently tightly to carry the hand, 
but not to prevent it from being turned on the 
arbor when the hands are being set. The square 
upon which the hand is fitted is left projecting a 
little, so that a key may be apifiied to it for this 
purpose. 

In a three-quarter plate movement the centre 
pinion is hollow, and what is called the set-hand 
piece goes through it, and has the cannon pinion 
pushed tightly on the projecting part of it. This 
piece has a square at the other end of it which 
enables the watch to bo set from the back, but this 
point I shall notice more fully farther on. 
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As the motion pinions are always acting as 
drivers (except during the short time of setting the 
hands in keyless watches, which is not worth con- 
*’feidering), they should be sectored large and have 
epicycloidal teeth, and the cannon pinion should 
always be as large as possible, in order to allow of its 
being properly turned out at the back to free the 
centre stopping, w^hich is left projecting, and, as there 
should be no shake, the minute wheel and its pinion 
should be pitched as deeply as possible, consistent, 
however, with ensuring perfect freedom of gearing, 
the motion wheels in some Swiss watches being 
pitched so deeply that they will not run at all. 

The following are very good and convenient 
numbers for motion wheels - 


Cannon pinion . 

Hour wheel . . 

Minute wheel and pinion 

For smaller w’atches 

Cannon pinion 
Hour wheel , 

Minute wheel and pinion 


. 14 
. 48 

. 42 and 12. 


12 

40 

30 and 10. 


The numbers used in ships’ chronometers are 


Cannon pinion 
Hour wheel . 

Minute wheel and iiiiiioii 


14 

54 

50 and IS. 


The cannon pinion in these chronometers is shaioped 
on to the arbor of the centre wheel in the same way 
as in a full plate watch. This is also a very good 
plan for keyless watches, where the hands are set 
from the pendant through the motion wdreels, as 
the centre pinion and arbor may thus be left solid. 
In these watches the minute wheel should be made 
ol; steel and cut wutli fewer teeth for strength. 

To find the number of the motion pinions : — 
Multiply together the numbers of teeth of the 
minute and hour wheels, and divide the product by 
twelve (the ratio of the turns between the hour 
wheel and the cannon pinion) and the result will 
be the same as the product of the numbers for the 
two pinions multiplied together. Tims, by dividing 
the number obtained by the number for either 
Xiinion, the quotient will be the number for the 
other. 

In contriving a train for the motion work, it is 
only necessary to remember that the product of the 
numbers of the wheels multiplied together must be 
twelve times that of the numbers of the pinions 
multiplied together. 

THE FUSEE AND MAINSPRING. 

The Fusee.— The fusee is a brass cone mounted 
on an arbor, and its use is to equalise the pull of 
the mainspring, which is greater when wound 
round rhe barrel arbor than when it has expanded 
round* the inner circumference of the barrel. It 


has a spiral groove cut on it to hold the chain and 
to keep it on its edge, and is much larger at one 
end ‘than the other ; when the spring is wound up 
by the chain being wound on to the fusee and is 
pulling most, the pull is first exerted on the smaller 
end of the cone, and as the spring unwinds and 
gradually pulls less, the leverage on the cone 
increases, the rate of increase being such as con- 
stitutes a perfect adjustment of the mainspring. 

Without Harrison’s maintaining power, the fusee 
would not have been of much advantage to watches 
that were required to keep correct time, as the act 
of winding takes the power of the mainspring from 
the great wheel, and the watch would either go 
backwards or stop altogether while being wound. 

Fig. 3 shows the fusee and barrel in elevation 
with chain attached (partly on each) ; it also shows 
the position of the hooks by which the chain is 
attached. 

Fig. 4 represents the separate parts of the fusee. 
A is the bottom of the fusee cone, which is hollowed 
out to receive the ratchet wheel, shown in position. 
This ratchet wheel and the fusee arbor are formed 
in one piece in three-quarter plate watches, and are 
fixed to the cone with three screws, the heads of 
which are sunk in the wheel ; the arbor goes«right 
through the cone and terminates in the winding 
square (shown at f) ; the ratchet wheel is nearly 
flush with the outer edge of the fusee brass. B is 
a thin steel wheel with clicks and springs pro jecting 
from its surface that act into the teeth of the 
ratchet wheel A. The use of these clicks is to 
permit the fusee to turn one way when the chain is 
wound on to it, and to prevent it from turning the 
other way without the steel and great wheels when 
the chain pulls it in that direction ; the ratchet 
teeth of this wheel are cut in the contrary direction 
to those on the wheel at a. d and E are back and 
front views of the great wheel ; E shows the main- 
taiiiing-power spring let into a groove in the wheel, 
one end of which is fixed to the wheel by a pin 
going through, while the other end is free to move 
the distance of the slot ; the pin in the free end of 
the spring jorojects, one end into the slot shown in 
D and E, and the other end into the hole in the 
ratchet wheel B, thus preventing these two wheels 
from moving more than the distance of the length 
of the slot independent of one another. Both the 
wheels are fitted to move freely on the fusee arbor, 
and are kept in their places by the collet shown at 
C, 1 and 2, in plan and elevation, which is fixed by 
a pin which passes through its pipe and the fusee 
arbor. A click, called the fusee detent, pivoted 
into the frame of the watch, is ke^^t in contact with, 
the teeth of the wheel B, by a weak spring screwed 
to the pillar plate ; when the force of the main- 
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spring (which must always be stronger than the wlieel from turning w'hen it is screwed down * 
maintaimiig-powor spring) is exerted and draws the this click and ratchet wheel are used only for 
fusee hr the direction of the barrel, it will carry the setting tlic spring up sufficiently to an adjust- 
steel wiieel and the end of the inaintaining-]DOW’er ment of the inaiirspriiig ; when the sprint ' is 
spring to the end of the slot in the great wheel; adjusted, tlie click is screwed down, and'^the 
the great W'heel cannot move, from its teeth baiTel arbor remains star iorniry. 

Tlie fusee (Fig^. 8, 4) has four-and-a> 
quarter turns on it, whiclr allows of the.;' 
barrel turning three times on its, arbor 
and with a great wlieel of .84 and^a' 
pinion of 12 the tvatcli. will go for.thirty. 
hours, giving six, hours’' , grace'.',in ', % 
case of irregular winding. The large 
engaging with the centre pinion, and the steel end of the fusee should have a diameter double 
wheel is held wiiere the mainspring has drawn it that of the smaller, and the cone should be 
by the click or detent. If the power of the main- slightly concave. There are some very comfilicated 
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spring is taken off by winding, the maintaining- 
power spring will exert sufficient force on the great 
wheel to keep the watch or chronometer going for 
a few minutes (more or less, according to the 
length of the slot in wiiicli the pin at the end of it 
acts). Pis the upper end of the fusee, showing. a 
steel cap fixed to the brass cone with two screws, 
the projecting hook of which stops the winding of 
the watch at the proper time, namely, when the 
chain is all wound round the fusee. The barrel 
arbor has a square cut on it, to which is fitted a 
small ratchet wheel on the dial side of the pillar 
plate, and a click (screwed to the plate fitting into 
the teeth of this wheel) prevents the arbor and 


formulm for calculating the proper shape of the 
fusee, but as the form must necessarily alter 
with the number of turns of the spiral cut 
upon it, and as the mainspring may be more 
or less taper, no rule can be stated for this that 
would serve any useful purpose ; a fusee of the 
form given will, however, be adjustable. The 
larger end of the fusee and tlie barrel should be of 
the same diameter as the rim of the great wheel, 
the teeth projecting from the fusee about as much 
as does the chain from the barrel, and both should 
be as large as possible, as the larger they are in 
diameter the greater wdll be the power in propor- 
tion to the size of the watch. ^ 
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‘ . ' PHOTOGBAPHY.-^-II. ; : 

By T. G. Hepworth, F.C.S. ' 

[Continued from p. 36.] 

H.AND, .CAM BRAS... 

Th-e ordinary form of quarter-plate camera has of 
date years been superseded to a great extent by the 
instrument known as a hand or detective camera. 
The latter title is misleading and ridiculous, for the 
detective camera is seldom able to detect anything. 
The hand camera is a very useful instrument, be- 
cause pictures are often obtained with it the 
opportunity for taking which would be lost if it 
viere necessary to erect an ordinary camera on its 
tripod stand. A case in point happened to the 



nvriter a short time ago when boating in the Irish 
Sea. He had with him an ordinary Camera and 
stand, with which he had been taking some rook 
studies, when quite unexpectedly a whale came to 
the surface of the water and, before the camera 
could be brought to bear upon it, had disappeared. 
With the hand camera a portrait of the animal, 
which possibly wmald have been unique, could 
easily have been taken. 

There are so many hand cameras now made, and 
so much ingenuity has been displayed in their 
construction, that it is quite impossible to pick out 
one in particular and allege that it is better than 
the others. All have their good points, and while 
some are too complicated by over-elaboration of 
details, others consist of little more than an 
ordinary camera enclosed in a box. As in most 
other mechanical contrivances, the more simple the 
design the more eifective is a hand camera likely 
to be. We will now point out the leading features 
whicl;^ in our opinion, a hand camera should possess. 


It should be unobtrusive in appearance. This is 
not the case with most of the hand cameras now 
sold, which are so singularly alike in outward 
appearance that no one is deceived as to their real 
nature. The operator himself can often by a little 
ingenuity obviate this by wrapping up the instru- 
ment in brown paper so as to look like an innocent 
parcel This is necessary sometimes in crowded 
streets when one wishes to avoid observation. A 
ground-glass screen is unnecessary, unless the 
same camera be used on a tripod occasionally for 
ordinary work. A Finder is not a necessity, and 
with a little practice the operator will be able to 
point the instrument with precision and to, secure 
horizontal lines, although he may fail in both 
respects at first. The shutter should be of 
simple form and need have only one speed. 
The focussing arrangement should be, sixuple 
in character ; indeed it is a question whether 
focussing be needed at all in these cameras. 
The writer has done excellent work with a 
hand camera with what is known as a fixed 
focus— the only inconvenience in its use being 
that, near objects, say those within less than 
five yards, are blurred. In practice this does 
not often present any disadvantage. .We will 
now briefly describe a few of the principal 
hand cameras which have been brought for- 
ward within the last few years. 

The hand camera in its simplest form is 
shown at Fig. 8, which represents Marion^s 
metal miniature camera. The little instru- 
ment is constructed wholly of aluminium, in 
order to secure lightness. It is furni.shed 
with a ground-glass screen for accurate focus- 
sing, and the dozen little single backs, also of 
$ach containing a small dry plate— can 



easily be carried in the pocket. In front of the 
lens there is a simple drop shutter which falls, 
and exposes the plate on the touch of a trigger. 
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iJie little instruaient is self - contained ■and 
thoronghly cfilcient. The camera is ninde in various 
sizes, from one taking plates I-]- x square to the 
ordinary !ialf-plate;(h|. x 4f) size.. . ■ 

Loiuan’s camera (Fig. 9) is of foreign origin, 
and it differs from most iiistrixmeiits in having a. 
ground-glass screen at the top enclosed by a hood 
as shown. Within the camera is a sloping mirror 
which tlirows the image 'formed- by the- lens on 
to this screen. By this device the photographer 
can see the picture np to the moinent when he 
touches the exposing trigger, when the mirror 
is turned aside and the image Is throwni on to 
the sensitive plate behind it. This arrangement A 
pre,sents a great advantage in photographing fm 
moving objects, for such objects can be care"- 11 
fully watched until, they are in the best po.si. W 
tion to make a satisfactory picture. At that ^ 
moment their image is secured. 

The two cameras just described employ dark 
slides for Imlding the sensitive -plates, and in this 
respect they do not differ from cameras in general. 
But. a iiuniixT of hand cameras dispense with the 
tiark slide altogether, and comprise a magazine of 
plates, containing a dozen or more, which- by 
certain movements are brou£rht one hv on,, tn 


groove from winch it was taker 
3f tills camera is fouriil in the fi 
in be .stored in it just as tln-v c 
iginal boxes. In ntlier furnii 
—indeed in the gr*-at majority- 
to a specnal metal sh«ith' o 
. can be a la]>ri‘d lu tlae in>tx'i 
two cameras midcr review fhi> 


because each plate makes a to and fro movement, 
is a marvel of ingenuity, and it will be seen from 
the annexed ent-^which is taken from a photo- 
grapli—that it i.s small in size although taking 
quarter-plate pictures. Tlie plates are cliaiiged 
and the shutter .set by one .simple operation, which 
consists in pulling out and returning a rod. One 
hand, in the illustration, is seen grasping this rod, 
which has a handle just below the lens. Within 
the camera this rod dutches hold of two projec- 
tions on the metal slieath in which each plate is 
contained, and as it i.s drawn out it pulls sheath 
and all from the very back of the magazine, and 
rears it up in front read}' for exposure. It is next 
to impos.sible to clearly describe the clever mechan- 
ism by which this is done — but the action is as 
sure as it is efficient. 

Another good method of changing plates is 
exempliffed in FaUowjfield’.s '“Facile Camera’’ 
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moves upon the lower one by rackwork adjustment, 
and each plate drops down in turn ready for 
exposure. 

^This section of our work would certainly be 
incomplete without notice of the Eastman Corn- 
pan v’s “ Kodak Camera ” (Fig. 13). The word 


a long ribbon is fed between two rollers, successive 
portions being reeled out for different exposures. 
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Kodak ” has no derivation, and has simply 
been adopted as a hieroglyphic W’hich shall be 
different from any other word. The camera follows 
suit, for in design it is unique. Here, instead of 
plates, a Tollable film is employed. This film is 




made of very thin transparent celluloid, which has 
• received a coating of gelatino-bromide of silver. 
The K(?dak is so arranged that this celluloid film in 


When the film is subsequently 
developed, it is cut into lengths 
each containing one, two, or 
three pictures as may be found 
most convenient. In Fig. 14 the 
whole inside arrangement of the 
Kodak is well shown, together 
with the winding key, which ex- 
tends outside the camera, by 
which the rollers are actuated. 
The rolling film principle is by 
no means, confined to the Kodak 
hand camera, but had been 
adapted to cameras of all sorts 
and sizes long before the Kodak 
wms introduced. For ordinary 
cameras this is brought about 
by the employment of a roll-' 
holder, which fits on the back 
of the camera like an ordinary 
dark back, but which contains 
sufficient film for perhaps fifty 
exposures or more. Two cuts 
which show the various parts of 
the roll-holder, and the method of inserting the 
spools or reels, are seen at Figs. 15 and 16. 

To the tourist using a large-sized camera the 
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roll-liolcler system is of, special benefit, for the 
saving in weight, as against the use of glass plates, 
is enoroious. The pictures produced on the cellu- 
loid film are in every respect equal to those obtain- 
able with glass plates, with the extra merits of 
non-liability to breakage, and ease of transport 
and storage. 

There are many pocket cameras obtainable for 
taking very small pictures. One is a watch camera, 
while another takes the form of an opera glass. 
Small cameras have also been adapted to hats, 
purses, and other personal belongings. 


tiie coil tiie galvanometer gave a momentary 
deflection to one side and immediately returned to 
zero, and that when lie withdrew the magnet it 
gave a similar deflection to the opposite side. 
These deflections could only be due to currents in 
the coil, and these cnrreats were evidently only 
momentary. On further investigation he found 
that these currents lasted only as long as the 
motion of the magnet lasted ; when that, motion 
ceased the current ceased. The strength of the 
current depended upon the strength of tliepiagnet, 
and the speed with which it was moved ; while its 
direction depended upon the kind of pole which 
was moved, and the direction in wldch that move- 
ment took place. These currents are known as 
mcluctmh civrrents, and Faraday also discovered 
another and most important metiiod by which they 
could be generated — namely, by the action of an 
independent current. He wound two coils of wire 
side by side on a wooden cylinder, connecting the 
ends of one coil to the terminals of a galvanometer, 
and the ends of the other to the poles of a Voltaic 
battery. Tiie result wfliich he obtained was some- 
what similar to that just described. No matter 
what strength of current was sent through the one 
coil, the galvanometer showed that no current was 
passing through the other ; but at the moments 
when the current started, and when it ceased, the 
galvanometer showed that momentary currents 
were generated, which tvere equal in strength, but 
opposite in direction. The coil in which the per- 
manent current from the battery flows is known as 
ihQpTimimj coil, the other as the seco7idary coil 
He also found that any change in the strength of 
the current In the primary coil produced a mo- 
mentary current in the secondary; and carrying 
hi.s investigations a little farther, he found that 
if he took two coils of wire, in one of which a 
permanent current was flowing, and moved them 
near each other, a current was generated in the 
secondary coil, wlticli lasted as long as the relative 
•motion of the two cot Is lasted. When motion ceased, 
the induced current ceased also. The coil in which 
the permanent current v^as flowing behaved in 
every respect as if it were an ordinary magnet. 

There appears to liave been some doubt expressed 
at that time as to whether the effects above de- 
scribed were due to electricity, and perlmps it 
would be as well to close our account of his work 
on this subject wdth Faraday’s own words:— “The 
various experiments of this section prove, I think, 
most completely, the production of electricity 
from ordinary magnetism. That its intensity 
should be very feeble and quantity small cannot be 
considered wonderful when it is remembered that, 
like thermo-electricity, it is evolved entirely within 
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INTRODUCTION (contimied). 

The motor is a xnachine peculiarly adapted for 
facilitating tlie distribution of energy. Where a 
small aiijoiint of power is wanted at some distance 
frojii the generating source, electricity appears to 
be the mo.st convenient and most economical agent 
by means of which the necessary transfer of energy 
can be accomplished. Where a large natural 
supply of energy already exists— as, for instance, 
in the case of a waterfall— the motor may often be 
used with great advantage to do useful work at a 
con.siderable <Hstance from the fall. The current 
which supplies the motor is conveyed to it through 
copper wares from a dynamo situated at the fall, 
the dynamo itself being driven by turbines or a 
water-wheel. 

The dynamo is of later origin than the motor, 
and depends on the converse principle to that 
which governs the latter. This great discovery 
was made by Faraday in 1831. (Ersted had dis- 
covered that a wire, or coil of wire, carrying a 
cxirrent, acted upon a pivoted magnetic needle 
placed in its vicinity, and forced it to take up a 
position at an angle to the magnetic meridian, 
and forced it to retain this position as long 
as the ciirrent lasted. It occurred to Faradav 
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the substance of metals retaining all their conduct- 
ing power. But an agent which is conducted along 
metallic wires in the manner described, wdiich, 
wliilst so passing, possesses the peculiar magnetic 
actions and force of a current of electricity, which 
can agitate and convulse the limbs of a frog, and 
I which, finally, can produce a spark through char- 

coal, can only be electricity.” 

This discovery of Faraday’s revealed a new 
method by which currents could be generated. In 
1833 Pixii constructed a machine in which a bobbin 
of wire was rapidly rotated near the poles of a 
I po^Verful steel magnet, which induced currents in 
the coil. This bobbin has received the name of 
the oarwmfwre, and this type of generator is known 
as t]iQ mag^ieto-electnc machine. These currents 
I differed in two important points from those 

supplied either by Voltaic cells or thermo-electric 
f generators ; the cells and generators supplied fairly 

I constant and coQitimious currents, w^hilst those 

j supplied by the machine of Pixii were anything but 

I constant, and what is of far more importance, they 

were alternoimg—Le,, the direction of the current 
was regularly reversed as the coil was spun round. 
The first of these difficulties has since been over- 
come by winding the armature so as to be made up 
of a large number of turns of wire, in separate 
I sections. The diJEficulty of the alternating currents 

I has also been solved by fixing on the axis of the 

I armature an arrangement called a commutator, 

X which forces all the currents generated in the 

1^ armature to flow in the same direction in the ex- 

I ternal circuit. Most of those little instruments sold 

I as medical machines for giving “ shocks,” are Pixii 

machines constructed in a convenient form. 

Larger machines of this class were built, but the 
currents which they generated were small when 
compared with the cost of the apparatus and its 
bulk. The next important advance in dynamo 
I machinery was made by Wilde, who substituted 

I powerful electro-magnets for the permanent steel 

ones w^hich had previously been used. The current 
to excite these electro-magnets was supplied by an 
independent magneto-electric machine, and very 
powerful currents were generated by this means. 

In 1867 both Siemens and Wheatstone suggested 
that these electro-magnets might be excited by 
the current generated in the machine itself, thus 
dispensing with the auxiliary magneto-electric 
machine used by Wilde ; and this type, together 
with the many modifications which have since 
been introduced into it, is known as the (Ipiamo- 
electric machine. Since that date the dynamo 
machine has developed so rapidly that at the 
present time it has arrived at such a stage that it 
is not ally thoroughly reliable, but highly efficient. 


All these continuous current dynamos are re- 
versihle-^thEii is to say, they can be used as motors 
if supplied by an independent current. 

The dynamo, in conjunction with the motor, is 
capable of doing a considerable amount of work at 
practically any distance from the central station 
where the powmr is supplied, and is capable of 
doing it in a fairly economical manner. It is not 
surprising then that many men have attacked the 
problem of how to drive trains and tramway carriages 
by its means. In the case of a train it was neces- 
sary to have a powerful motor placed in the engine 
and attached to the driving-wheel. When the 
current was allowed to pass through this motor, it 
expended its energy in doing the work necessary to 
drive the train. This current is generated by n 
dynamo machine situated at some convenient 
position along the line, and is carried to the motor 
either along the rails-— -in which case they must he 
insulated— or it must he carried along an inde- 
pendent insulated conductor, and communicated to 
the motor by a metallic brush attached to the 
engine and sliding along this conductor as the 
train moves. In the case of tram-cars the motor is 
also used, but it has been found advisable to supply 
the current in a different manner. Accumulators 
or secondary latteries, carried in the tram itself, 
are found more convenient for this purpose, these 
accumulators being charged at the terminus by a 
dynamo machine. The necessity for using in- 
sulated conductors in the public streets is thus 
obviated. 

Many attempts have been made during the 
present century to store up electrical energy so as 
to render it available at some subsequent time; 
and though several men partially succeeded, Gaston 
Plants wms the first to solve the problem, in any- 
thing like a commercial manner. His accumu- 
lator consists of two sheets of lead wound in the 
form of a spiral, but without touching each other, 
and immersed in dilute sulphuric acid. When a 
current is passed through this cell, a film of dioxide 
of lead is formed on one of the plates, while the 
surface of the other is reduced to the state of 
spongy lead. While in this condition the cell is 
capable of giving a very powerful current for a 
length of time clepending upon the state of the 
plates, and if the cell be in good condition it will 
retain its charge for a considerable time. In 1881 
Faure, Sellon, and Volckmar introduced improve- 
ments in the Plants accumulator, which, with 
those which it has since undergone, render it in- 
valuable in electrical engineering. No isolated 
installation of incandescent lamps is complete 
without a set of accumulators ; in fact, they play 
that part in an electric light installation which the 
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gasometer plays in the common system of ligliting 

,;byga,s.. , 

The transmission of sound by means of electricity 
involves principles 'which must be dealt with in 
detail. The telephone is extcn.sively used in 
most large towns for transmitting speech, but 
the subject of long-distance telephony must 
be looked upon as in its infancy, while 
at llie same time it may be expected to spring 
to maturity with rapid strkles. 

Eecent years have seen mighty changes 
wrought by electricity, which so readily as- 
sumes that form of energy which is most use- 
ful, while the continually increasing number 
of fiurposes to which it is being put to some extent 
foreshadows the importance of the position which 
it must necc.ss:irily hold in the immediate future. 

THE DYNAMO. 

ELEMENT Alt Y PRINCIPLES, 

Ever since Faraday’s great discovery of the 
princi})le of electro-magnetic induction in 1881, 
inventors lirive been actively engaged in construct- 
ing macbi!ioH capable of converting the energy of 
mechanical motion into that of electric currents. 
These machines — known as dynamos — have now 
been brought to that state of perfection beyond 
which any great improvement in principle is not 
likely to take place. When any machine has 
attained an cfBciency of over 90 per cent., as is the 
case with the modern dynamo, there is but little 
room left for further improvement, excepting in 
the direction of mechanical details and in the 
adapting of the machine to special kinds of work. 
The principles of construction of the dynamo are 
now so well understood that there is little to choose 
between the different types of machines made by 
the leading manufacturers. 

The goodness of a machine depends less upon its 
maxirnuni dliclency than upon its adaptability to 
the purposes for which it is employed ; for instance, 
a Brush machine may possess a fair efficiency when 
employed for running a number of arc-lamps, and 
yet be almost worthless for generating the currents 
required for electro-plating. A machine is designed 
to give a maximum efficiency under specified condi- 
tions of current and E.M.P., and if these conditions 
])e varied the efficiency will fall off, though the 
machine may still be able to do the work required 
of it under the altered circumstances. 

If a wire through which a current is flowing 
be wound into the form of a spiral, as shown in 
Fig. 1, it w'ili act in every respect as if it were a 
magnet. Such an arrangement is called a solenoid. 
If the current enters through the wire at the point 
c, and leaves it at D, as is indicated at the arrow- 


heads, the end marked B will be the north pole 
of the magtiet, and A the suuth j;ole, whilst its 
strength will be proportioiiad to the strength of the 
current in ti:e wire. If the currerit flows in tire 



opposite direction through the wire, the polarity 
of the solenoid will be reversed. The similarity 
between the pjroperties of the solenoid and the 
magnet led to the Amplrlan tlicor*/ of magnetim, 
which was capable of explaining all existing 
phenomena. According to this theory a magnet is 
merely a substance round the surface of which a 
current is jjermanenth’ circulating in a definite 
direction. Fig. 2 illu.strates this conception of 
Ampere. The magnet has drawn on it the direction 
in which a current should circulate through a 
solenoid in order to have the same polarity a.s the 
magnet. Looking at the end, s, of the magnet, it 
will be seen that the current circulates in the 
direction of the hands of a clock, and this end is. 



Fig. 2 .— -Ampere’s Notion of a Magnet. 


the soiutli 'i^oU ; looking at the north pole of a magnet,. 
N, the current flows in the opposite — that is to say, 
in a counter-clockwise— direction. 

It is well known that either two north poles or 
two south poles tend to repel each other, whilst a 
north and a south attract each other. It is also weB 
known that two conductors through which cuirents 
arc flowing tend to attract or repel each other, 
according to the directions in which the currents 
flow ; if the currents flow in the same direction, a 
force of attraction is set up between the conduc- 
tors ; whilst repulsion takes place if the currents 
flow in opposite directions. The phenomeBon of 
attraction between two opposite poles is a natural 
consequence of the attraction of two currents 
flowing in the same direction— according to the 
Amperian theory. Fig. 8 show’s two mf:gnets. 
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between which a force of attraction is exerted, 
their opposite iDoles being in proximity. It will be 
noticed that the currents are flowing in the same 


Fig. 3 . —Attractive Actioi? of Two Magnets. 

direction in the adjacent poles of the magnets, 
and a force of attraction must therefore exist 
between them. 

:iFig. 4 shows two magnets, their north iDoles, 
N and force of repul- 

sion is exerted between them ; it will be seen 
in this case that the Amperian currents circulate 
in opposite directions in the adjacent poles, and 
that repulsion must therefore take place between 
them. 

In order to move either magnet against either of 
these forces, a definite amount of energy, depend- 
ing upon the strength of the magnets, must be 
expended. If a coil of wire, forming a closed 
circuit, is placed in the vicinity of a magnet and 


Fig. 4.— Eepellent Action of Two Magnets. 

then suddenly withdrawn, a certain amount of 
enei*gy must be expended, over and above that 
which would be necessary to make the same move- 
ment if the magnet were not present. The ex- 
planation of this phenomenon is that the motion of 
the coil sets up a current in it, which converts it 
into a temporary solenoid. This current flows in 
such a direction as to exert a force of attraction 
between the magnet and coil, and work must there- 
fore be done in overcoming this force over the 
distance moved. If, on the other hand, the coil 
had been moved at the same speed from a distance 
up to the magnet, an equal amount of energy would 
have been expended ; in this case the current 
generated in the coil by its motion tow^ards the 
magnet vrould have been in the opposite direction 
to the previous one, and would therefore have 
given rise to a force of repulsion between the coil 
and magnet. If the poles of the magnet be reversed, 
the directions of the currents induced by it in the 
coil will be reversed. The direction of the induced 
current may always be known by remembering 
that the rlirection of the Amperian current round 
the south pole of a magnet is in a clockwise direc- 
tion, and round the north pole in a counter-clock- 
wise cj^rection, and that Lenzs lam the induced 


current i% the coil ?viU always he in such a direction 
will tend to oppose the motion. 

In considering the action of a dynamo, it is best 
to look upon a magnet in the same way as 
Faraday did — that is, as a substance 
through which imaginary lines offeree are 
passing; these lines enter at the south 
pole and come out at the north, whilst the 
strength of the magnet is proportional to 
the number of these lines passing through it. If 
the space about the poles of an ordinary horse-shoe 
magnet be examined, it will be found to be full of 
these lines, which form symmetrical curves between 
the two poles. Fig. 5 shows these curved lines 
passing between the poles marked N and s, which 
are the ends of a horse-shoe magnet. This diagram 
is obtained by resting a stiff card horizontally on 
the ends of the magnet, and sprinkling iron filings 
over it. The filings, on falling on the card, im- 
mediately set themselves along lines of force, and 
the effect may usually be improved by gently 
tapping the card. If a small compass be brought 
into this space, it will immediately set itself with 
its axis tangential to a line of force. These dia- 
grams are often extremely useful in ex- 
^ amining the nature of the Jield (as the 
, magnetic region is called) about the arma- 
ture of a dynamo ; and where it is desir- 
able to preserve them, the following device 
may be adopted. Instead of using a stiff 
card, take a sheet of blotting-paper which has been 
soaked in melted paraffin wax, and, having placed it 
horizontally in that portion of the field which it is 
desired to examine, sprinkle the filings, and tap 
gently till they have settled into a definite diagram ; 
now bring the flame of a spirit-lamp under the 
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Fig. 5 .— Lines of Force between the Poles of 
■ A Magnet. 

different parts of the paper, so as to soften the wax 
with which it is soaked. The filings sink into the 
softened wax, and as this becomes hard almost as 
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poi<^, since inis noinoer anows one line per square 
centinietre—onin oUkt words, unit lield—allroiiiifl 
the pole at a distance of one centimetre from it. 
Nown the number r>l‘ .square centimetre.^ on a sphere, 
of one centimetre radius is 47r, ami hence tliore 
must be 
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THE BTEAM EHaiFE.^II. 

By Archibald Sharp, B.Sc., Wh. Sc., A.M.LG.E. 
Instructor in Engineering Design at the Central InstUtition of 
the City and Guilds of London Institute, 

[Co7itinued from p, AI.] 


MEASUEEMEOT OP HEAT-TBMPERATURE- 
THERMOMETERS. 

Everyone is familiar with the sensations ex- 
perienced on touching a hot body or a cold body. 
A hot body is said to have a higher temperature 
than a colder body. A thin iron wire heated to 
redness has a higher temperature than a basinful 
df lukewarm water. Two bodies have the same 
temperature if, when placed in contact with each 
other, there is no communication of heat from the 
one to the other. If two bodies having different 
temperatures be in contact, heat will flow from the 
hotter to the colder body, and the temperatures of 
the bodies will become more and more nearly equal. 
Note carefully tliat temperature is not heat, nor do 
degrees of temperature always indicate quantities 
of heat, but temperature is a property, a quality, of 
heat. The basinful of lukew’arm wmter referred to 
above, although having a much lower temperature 
than the piece of red-hot iron wire, will probably 
■ possess a far greater quantity of heat. 

Nearly all bodies vrhen heated expand in volume 
and contract again when cooled. This property is 
used practically for estimating the temperature of 
any body. An arbitrary scale of temperature 
might be defined as follows. A solid rod may be 
taken whose length at the lowest temperature to be 


top of the mercury i. The temperature of melting 
ice is invariable, so the mark i corresponds to a 
known fixed temperature. A mark 5 is made cor- 
responding to the temperature of boiling water 
when the height of the barometer is 29 ‘9 inches of 
mercury. The distance ? may now be divided 
into a number of equal parts and the divisions 
numbered, the space below i and above s may also 
be marked off with the same divisions ; the degrees 
of temperature of a body will be given by the 
number of the division at w^hich the top of the 
mercury stands when it has the same temperature 
as the body. 

There are two thermometric scales in general use. 
In the Centigrade scale the temperatures of melting 
ice and boiling water are 0® and 100° respectively. 
In the Fahrenheit scale these temperatures are 
32° and 212° respectively. The zero of the Fahren- 
heit scale — 32° Fahrenheit below the melting-point 
of ice — was the lowest temperature known at the 
date of the invention of the scale, and was sup- 
posed to represent the temperature of a body 
absolutely devoid of heat. However, since then 
much lower temperatures have been observed. 

To convert degrees Fahrenheit into degrees 
Centigrade, ov vice versa, the two following formulae 
are used— 

a* = # F.“ - 32 


measured is I, its length at any other 
temqDerature will be Z -f a?, where x is the 
increase of length due to the heating of 
the rod. If the temperature of the rod 
when its length is I be taken as zero, the 
degrees of temperature corresponding to 
length ^ -f ® is proportional to a?. It is 
evident that a scale of temperature like 
this depends not only on the laeat sup- 
plied to the rod, but also on the physical 
properties of the material from which it 
is made. 

0 Mercurial thermometers, which are 
oftenest used, are made in the following 
^ manner. A glass tube a, the bore of 
which is uniform throughout, has a bulb 
& (Fig. 20) blown at one end. The bulb 
and tube are filled with mercury, taking care 
that all the air is expelled. The mercury is 
heated, and while hot the open end is hermetic- 
ally sealed. On cooling, the mercury is found 
to have left the upper part of the tube. The 
bulb is immersed in a mixture of ice and water 
and £^mark made on the tube at the level of the 


F." = |. C.“ + 32 

The air thermometer is made from a capillary 
tube, open at one end and having a bulb blown on 
the other end. The bulb and capillary tube is filled 
with dry air and heated, a drop of strong sulphuric 
acid is introduced by the end of the tube and serves 
to divide the air in the thermometer from the atmo- 
sphere, and so forms the index of the thermometer. 
As the temperature falls, the drop of acid recedes 
up the tube ; its position will depend on the 
temperature of the air in the bulb. The tempera- 
tures 32° F. and 212° F. are marked on the tube in 
the manner described for the mercurial thermo- 
meter. If the temperature of a body between 
32° F. and 212° F. be measured by a delicate 
mercury thermometer and also by a delicate air 
thermometer, the two readings will in general 
differ by a small quantity. We will return to the 
discussion of this point later on. 


MEASUREMENT OF QUANTITIES OP HEAT. 
The quantity of heat necessary to raise the 
temperature of 1 lb. of water from 39° to 40° F. 
is called the British Thermal Unit, 

It is found by experiment that the quantity of 
heat necessary to raise the temperature of 1 lb. 
of water 1° F. varies slightly with the initial 
temperature of the,, water. Hence the necessity 
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of clefining the thermal unit as the quantity of 
heat necessary to raise the 1 lb,, of waterTroma 
fleiinite temperature to. a temperature one degree 
higher. Water is at its .maximum density a.t 39*P ,F., 
that is, at- this temperature it has less bulk than 
at any other temperature. 

SPEOIFIC HEAT. 

If equal weights of different substances are 
exposed to the same heating agency for the same 
lengtii of time, it will be found that the tempera- 
tures will be quite different. In other words the 
quantity of heat necessary to raise the tempera- 
ture 1° F. is , different for different substances. 
The amount of heat measiired. in British thermal 
units necessary to raise, the temperature of any 
substance F. is called the specific heat of the 
'. substance. ■ . 

The following table gives the specific heats ' of 
,a fevr solids and liquids : — , 


Water at 39’ F. 




- 

- rocH) 

Etlier - 

- 


- 

' 

- ,*720 

^lercury * 

- 


- 


- *,0'33 

Fetroleiira. 

» 




. *434 

lec;.-' - '■- , 

- 



- 

- ■•304 

Copper - 



- 

. 

- *095 

Iron 



. 

- 

-., -iU' 

Tin 

- 


. 

- 

* O-H 

■ .- 


» 

- 

■■ 

- -ous 


inodifications, which make the results more trust- 
worthy. The value of tiie ineehuiiical equivalent 
obtained was 778. This value has been used by 
the, iTios,fc recent writers on rlierriiodynamies of 
the steam engine — Peabody and Wootl— and will 
be used in these lessons. 

One horse-power is equivalent to tin* expendi- 
ture of = 42'4 thcniial units per minute. 


These arc average values which are accurate 
enough for most purposes. It is found, however, 
that the specific heat of solids and liquids 
slightly differs at different temperatures. The 
specific heat of water between 32® F. and 250 F, 
does not differ very much from 1*00, but above 
250® F. the excess of the specific heat above 
unity is so great as not to be negligible in 
accurate thermal calculations relating to steam 
engines. 

We will return to the subject of specific heat 
of gases ill a later lesson.' 

lYe are now in a position to express the quanti- 
tative relation between heat and work as follows ; 
“Heat and work are imitually convertible, one 
British thermal unit being equivalent to 778 foot- 
pounds of work.” 

The number 778 is the mechanical equivalent 
of heat. The value of the nioehanical equivalent 
of heat which has been in use for the last forty 
years is 772, and was determined by Joule from 
a series of experiments on the lieat proflnced by 
the agitation of wnter by jjaddles. Joule also 
determined the mechanical equivalent of heat by 
experimenting on the heat }U’oduced by electric 
currents, tin* value obtained being 782. Later, in 
1879, Howland, at Baltimore, experimented with 
an apparatus similar to Joule's, but writh several 


To find the mechanical equivalent tjf heat when 
the Centigrade scale of temperature is used, :tnd 
l.foot is the unit of length, nuiltiply 778 by The 
result is l,4d0. That is. UtHi Brot-poimcls of wurl-f 
are required to raise the iein}>eratiire of i lb. <:d* 
water 1® C. 

The . mechanical equivalent, eff Iieat—iiielrcs, 
kiiograinmes, anti degrees Cent igriide being I he 
units used-will be 


1® C. being equal to F., and 1 for>t being tqual 
to OaiOlS metre. Nt» faetta for eor.vvrting iHtinaU 
into kilog!'amm(‘S is necessary, sinee in tin* defini- 
tion of the. mechanical equivalenr nf lu-at the 
weight of water la-ated is line same a< t'ne wdght 
lifted through unit distance to give the unit of 
work* ' ■ ^ ■ 

■■ GASES. 

A gas is a body having the power of indelinite 
e.xpansion, a..nd differs in this rc-speet frt»m solitls 
.and liquids. If a small c|iimitity of gas be isi- 
trodiiced into a closed bottle, it will not ccilleet 
at the bottom, as a liquid woiihl, but will expand 
and fill the bottle, and will only l»c limited 
as, to volume by the pressure of the sides of the 
■bottle. ' If the bottle be opened in a closed room 
the gas will .expatid still iiinher, and ultimately 
will be 'diffused uniformly throughout the rocmi. 

.When, a gas is c.c>nf!..ne.d, i.t presses equally on all 
parts of the inner surface of the enclosing Yesscl. 
I\">r a given quantity of gas it is found that the 
amount of pressure exerted on a .‘-qiiare inch of 
surface is inversely proportional to the total 
volume occupied. 

Boylea Lan \ — Imagine a long cylinder 1 sqiian* 
inch in sectional area, clo>ed ni one end and o|:ieu 
at the other, Itaving a pistf-n closely fitting, 
allowing no air to esenpo pa>t it, and yet moving 
easily on the cylinder (Fig. 21). LiU the piston Ik** 
1 inch from the bottom of the eyliu'lcr when then* 
is noforceapxfiiedtolhe end of the piston rod. The 
volume of air e.ticlosed is 1 cubic inch, and its 
pressure on the face A' A of the piston must be equal 
to the. '[tressuri* of the atmosphere on the face B B, 
say, 15 lb. (14*7 lb. xxn: square inch is tlie av-^rage 
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pressare of the atmospiiere). If now the piston be 
pulled out .until the face A A is 2" from the bottom 
of .the. cylinder, the volume of the air is 2eubic-. 
, inches, and if the pull on the end. of the rod can 

P( , ■ . 



be measured it will be found to be Tm lb., provided 
the temperature of the air is the same as at the 
beginning of the experiment. This pull tends to 
make the piston move towards tlie right, and so 
does the pressure of the air on the face A A, while 
the pressure of the atmosphere on b b 15 lb. tends 
to make the piston move to the left. These forces 
balance ea.c.h other, a..ud therefore 

Pressure on A A + 7*5 lb. = 15.1b., 
pressure on A A = 7*5 lb. ’ 

That is, when the gas occupies twice the original 
volume tlie pressure it exerts on a unit of area of 
its containing vessel is half the original pressure. 

In the same way, with the same condition as to the 
temperature of the air in the cylinder, if the volume 
be multiplied by 3, 4, or 5, the corresponding 
pressure, will be divided by 3, 4, or 5. 

The relation between the volume occupied and 
the lu-essure per unit area exerted by the gas can 
be exhibited graphically. In Fig. 21 draw o v and 
OP at right angles. Then the volume occupied by 
the gas at anytime will be represented by a line 
0 V and the corresponding pressure of the gas by 
rp at right angles, The scales of volume and 
pressure may be taken as convenient. If this con- 
struction be repeated for a number of different 
volumes ?‘i, r.j, a curve may be drawn through 
the extremities a'j, x.,, of the corresponding 
ordinates.. 

Such a diagram will often be used to show the 
relation between two quantities which are mutually 
dependent. In the above diagram o ?* is called the 
abscissa and 2 ? x the ordinate of the point x on the 


The above relation is expressed by saying that 
the pressure of a gas varies inversely as the 
volume. 

Algebraically. — If v denote the volume occupied 
by the air and_^ the corresponding volume p cc J: 

V 

or ji; Constant . . . . . . (1). 

The constant in the formula can be found by 
taking the product of two corresponding values of 
the pressure and volume ,* for example, in the case 
under consideration, when the volume is 1 cubic 
inch, the pressure is 15 lb. per square inch, and the 
constant of the formula will be 1 x 15, and the 
formula may be written y; v rz: 15. 

The above relation is appro.ximately true for all 
gases. Note that the tcm]Deratiire of the gas is the 
same throughout. 

Zmv of Charles, or Gay Lussae’s Law.— If now 
the piston be subject to atmospheric pressure while 
the temperature of the air is gradually raised, it 
will be found that the volume of the air increases, 
wdtli the temperature. The increase of volume per 
degree rise of temperature is found to be p)arfc 
of the volume at 32°. The variation of volume 
with temperature while the pressure remains 
constant can therefore be represented by the 
equation 

T = C (430 -f (2)„ 

t being the temperature measured on the Fahren- 
heit scale. 

This statement is called tlic ‘daw of Charles,” or 
“ Gay Lussac’s law,” after the ilnst investigators of 
the subject. 

If in equation (2) we .substitute t = 460 -f C", it 
becomes 2 ? =: e T . . . . , . . ... (2a). 
T is the temperature of the gas measured on a scale 
the degrees of which are equal to the degrees of 
Fahrenheit’s scale but having its zero 4G0° lower 
than the zero of Fahrenheit’s scale, t is called the 
“ absolute ” temperature, and t — 0 is the ideal 
temperature of a bod}” absolutely deprived of heat. 

EQUATIOX OP A BEEPECT GAS. 

Combining equations (1) and (2a) we may write 

= (3), 

B being a constant. The quantity of gas taken is • 
usually unit mass 1 lb., and then?? is the volume 
occupied by 1 lb. of gas at the pressure y; and 
temperature T, and is called the “ specific volume.” 
The constant n has for air the value 53*21 ; feet, 
pound, and degrees Fahrenheit being used. 

A “perfect” gas is one in which the relation 
.between pressure, volume, and temperature is 
perfcaily represented by equation (3). For all 
practical purposes the so-called permanent gases — 
that is, gases which do not liquefy at ordinary 


I 
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series of isothermal lines for air, the absolute 
temperatures being proportional to , tlie nii.m,bers 
affixed to the curves. 'For perfect gases, the 


tempcratures~may be regarded as perfect gases, 
ilioiigh, strictly speaking, all gases are more or less 
iinT)erfect. ' ' . ■ 


isothermal lines are a series of equilateral hyper- 
bolas having the axes o P and o v as asymptotes. 

It is found that heat must be given to the 
expanding gas to keep its temperature uniform, 
similarly if the gas be compressed, heat must be 
taken from it to keep its temperature constant. 

It will be useful to give here a simple geumetrical 
construction for drawing an equilateral hyperbi>la, 
having given the axes and one point on the curve. 

Let o X and o y (Fig. 23) be the given axe;- and 
p the given point on the curve. Through p draw 
parallels to ox and OY. Through the origin o 
draw any line AB, cutting the parallels througli P 


EXPANSION OF GASES —TSOTHEEXtAL EXPANSION. 

We have already considered one case of expan- 
sion of a gas (page 107), namely, that in which the 
temperature of the gas remains the same during the 
expansion. Such an expansion is called isothermal, 
a lid the curve Ni No Nj . . . . (Fig. 21) is called an 
isothermal line of the gas experimented on. If the 
temperature of the gas in the experiment described 
were 60'’, then the curve is the isothermal cor- 
responding to GO®. If the temperature be raised 
to 70° and the experiment repeated, another 
isothermal line will be got. In this way a series of 
isothermal lines may be drawn. Fig. 22 shows the 
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in A and. B. ' , From A and B draw parallels to o x 
aiidoy, completing the reclangle APBG. ,, c is a 


should do a great many of his drawings a second 
time ; he will find that the time required for the 




point on the curve. In Fig. 23 the construction 
has been made for four points, and a fair curve 
drawn, through them..' 


DRAWING FOR ENGINEERS. 

[Continued from p. 48.] 

PENCIL DRAWINGS (continued). 

Eosmiple 3. — Draw the pattern shown in Fig. 12. 
This is an exercise on the accurate use of the 
60® set square, a b may be taken as the base 

Fig. 12. 

. line 4"^ long. The order of drawing the first few 
lines is indicated by the figures. 

Exam 2 >Ic 4. — Draw the figure showui in Fig. 

13. This is an exercise on the use of the com- ^ 
passes. The circular arcs must be joined to 
each other with no visible break in the lines, P 

Example 5. — Inscribe circles in the squares g* 
of Fig. 11, and in the hexagons of Fig. 12. 

These exariiiDles afiord practice in inking-in. 
Example 6. — Draw a bolt V' diameter wnth hexa- 
gonal head and nut (Fig. 14). We will go carefully 
over the working out of this example, as it occurs 
so very frequently. The student is recommended 
to practise it until he can draw it fairly quickly. 
Intact, to cultivate speed in drawing, the student 


second drawing is in many cases not half that 
required for the first. 

1. Draw the centre line a a (Fig. 15) by aid of the 
T-square, firm. The centre lines are dotted in the 
woodcuts, but should be drawn continuous. 

2. Set the edge of the scale along a a, and with 
the pencil mark off h 

3. Draw the two lines d d and ee through Jand e 

respectively, faint. ^ 

4. Mark off on each side of centre line. 


5. Draw the lines fg up to within or ^ of e 
firm ; and produce them to /q faint. 

The depth of the nut is usually equal to the 
diameter of the screw, and the width of the nut 
across the corners is equal to twice the diameter 
of the screw, therefore — 

6. Set off 0 i along the centre line = 1" and oj on 
each side of the centre line = I'', 

r. e 


If 1^ Fig.l5. ^ 

Pig.l5a. 

7. Draw the lines through % andj re- 

spectively, faint. 

The chamfer— that is, the bevelling of the top 
edge — on nuts is usually a little greater than that 
shown in Fig. 14, but for convenience of drawing 
it is usual to show it as in the figure. The chamfer 
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surface is usually part of a cone, and then the 
curves /m and ??,if drawn strictly accurate, would be 
arcs of hyperbolas. The student who has studied 
Eractieal Solid Geometry (see lessons on Projec- 
tion) will be able to draw these hyperbolic arcs. 
But the draugiitsnian's conventional method is the 
following: — 

8. Willi centre e draw the circular arc m m 
touching the line linn. 

1). Find by trial the centre of a circle which will 
pass through w, the point 'd oiijl exactly opposite 
m, and whicdi will touch the line kl\; and draw’ the 
arc m n, lirm. 

A geometrical construction must dot be used for 
this or for similar cases of drawing circles to satisfy 
certain conditions. With practice the student wdli 
be able to draw such circles by trial as accurately 
and more quickly than if he had used a geometri- 
cal construction. 

10. "With centre somewhere about o — its exact 

position is not important — draw the arc repre- 
senting the end of the screw projecting a little 
through the nut, The drawingwill now’ Iiave 

the appearance shown in Fign Id. 

11. Hub out the .siipertiuoiis faint lines and lirni 


The, drawing of the longitudinal elevation of the 
bolt (Fig* 11) is now finished. 

To draw the end elevation (Fig. Ih;:) : — 

1. Dra%v the centre lines and ///> iiitiTsectiiig j 
at c at riglit angles, firm. (Ncc Fig. liMo) 

2. Set off from the edge of the sctiF cd equal to 
the diameter of the screw, df. lA 

.;i Through draw do inclined 60° to .e- 
faint. 

4, With ce,nt,re c dravr a ' circle./*/’ itituching f/<.% 
firm; and draw another circle tvlih same centre 
and 1" diameter, firm. 

■ 5. With the .set square draw the lines y, f/ piruHch 
to h i) and touching the circle,/', faint, 

6. Dra.w the lines /q /q li inclinc'd 60° tti h h 
touching the circle /, firm. The drawing will now 
have the appearance (Fig. lo<7). 

7. Ptiih out the siiperfluons lines raid firm in the 
remaining faint lines. 

Wiicn a number of nuts to be drawn the 

circle/ should be drawn filler for each nut, and then 
tlie six sides of tlio hexagon can be drawji touching 
this circle, Tlie. hexagon mu>t on no account be 
constructed by dra-wing tiie clremnseribing circle, 
Y.C., the circle, passing tlirough its six angular 
as this eoristruetiun is longer, and involves 
the drawing of a circle wirich must afterwards be 
rubbed out. 

Sometimes it is necessary to make a longitudinal 
elcvat ion showitig two faces of the nut, us in Fig. 17. 


in the remaining faint lines. The drawing has now 


«.7 

” — ^ 


Af ihe ax>pearaDce shown in Fig. 16. 

1 


1 

p/ The correct projection of the screw threads would 

i 

aaa 

s 

’’ . require more time than the draughtsman can 

1 : 

Pig.17. h 

i 


method of representation. The pitch of a screw 1" 
diameter is fio— 

12. Wark off points gq along {/ m -t" apart. 

13. Through fj q draw’ a series of lines inclined 
60^ to the centre line of the holt, faint. 

IT, Fieverse the set square, and draw another 
series inclined GO"' in the oppo.site direction. 

15. Rub out the superfluous lines and firm in the 
remaining faint lines. 

IB. The hexagonal bolt-bead will be <lrnwn in 
the same way as the nut, but its dimensions are less, 
say depth and width across corners If". 

17. The hole in which the holt lies should be 
- 52 ^^ to -A/ larger than the hodj’ of the bolt. These 
lines rr can be drawn firm, and the line ss firm, 
midway between d d and e e. 

Fig. 14 is a section showing the bolt and nut (in 
elevation) used to screw two flanges together. 

18. Section lines inclined 45° are drawn over the 
parts cut by the plane of section. 


■ Here the length al»----that is. the wudtli of the mit 
across the flats— -is equal to the diameter of. the 
circle/ (Fig- 15/. 

Two additional conventional methods of repre- 
senting screw threads are shown in Figs. ’’8 and 20. 


A 


WW 


Fig.lS. 


In Great Britain a standard form of screw thread 
lias been adopted by engineers for bolts and nuts. 
It is called, after its proxioser, the Wiiit worth screw 
thread, and its section shown in Fig. 21. It is tri- 
angular in general apipeamnce, the angle h a> c being 
55° One-sixth i>art of the dexMh of the Vec c^>d is 
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op and bottom of the thread, 
gio'cs the principal dimensions 
nlar screw threads. 


w fits loosely round the hexagonal nut and is 
secured to the piece the principal nut holds by the 
two set-screws S. Two holes are tapped to receive 
these set-screws, and several pairs of holes are 


In America the standard screw thread (Seilers’) has 
the angle of tlie thread 6(P. The angles are cut off 
parallel to the axis of the bolt at a distance equal 
to an eighth jmrt of the depth of the Vee (Fig. 22). 
One advantage of this thread over Whitworth’s is 
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circumferentially, the washer could be fixed in any 
position of the nut, while the possible amount of 
.slackening back of the nut would be equal to this 
additional length of hole. 
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P/o/lme- foW Dlrador of the Dyeing Dei>tirt,men.t of the YorJcshire 
College, Leeds. 

{Coutinned front. p. 52.] 

JLTB, GHIXA GRASS (continued). 

^ IT. IIii(jJdinf/.~~~The subsequent Hacldhig, or 
Ilealdimj, has for its object a still further separa- 
tion of the fibres into their finest filaments, by 
coinbiiig, either by hand or machine. The product 
of the operation is twofold, namedy, ‘‘ flax-line ” and 
'■‘tow”; the former consists of the long and more 
valuable fibres, the latter, of those which are short 
and more or less tangled. 

IS. Flax-Lme.—'fha appearance of fiax-line is 
that of long, fine, soft, lu.stroiis fibres, varying in 
colour from the yellowish-bufi of the Belgian pro- 
duct to the dark greenish-grey of Russian flax. 
This difference in colour is chiefly owing to the 
system of retting adopted. 

Iff. Physical Stntcturc and P/'operties. — Ex- 
amined under the microscope, a single flax fibre 
appears (Fig. 3) as a long, straight, transparent 
tube, often slightly stria, ted longitudinally. 

At irregular intervals it is slightly distended, and 
at tliese points faint transverse markings may be 


Fig. g.— Flax Fibre under the Hicroscope. 
detected. When examined with high powers they 
seem to consist of a succession of very minute 
fissures, and, according to Tetillart, are .simply 
breaks, or wrinkles, produced by a bending of the 
fibre, and not cell divisions, or nodes, a.s frequently 
stated. 

In transverse section, the linen fi,bre shows thick 
walls, an exceedingly minute central canal, and a 
more or less rounded polygonal contour. 

The chief physical characteristics of the linen 
fibre, when freed from all encrusting material, are 
its snowy whiteness, silky lustre, and great tenacity. 

Lii^en is hygrometric to about the same degree 


as cotton, and contains, when air-dry, about three 
per cent, of moisture. It is a much better con- 
ductor of heat, and therefore feels colder than 
cotton. It is also less pliant and less elastic. 

20. Chemical Comxmition . — Treated with sul- 
phuric acid and iodine solution, the thick cell wall 
is coloured blue, while the secondary deposits, 
in the central canal, acquire a yellow colour. The 
linen fibre consists therefore essentially of cellu- 
lose, but in its raw unbleached state it contains 
about 15-30 per cent, of foreign substances, chiefly 
pectic acid. Fatty matter, to the extent of about 
5 per cent., colouring matter, and other substances 
not investigated, are also present. 

Action of Various Agencies on Flax. 

Pure linen fibre, being cellulose, the action 
of various chemical agents on it is much the 
same as on cotton, but generally speaking, linen is 
more susceptible to disintegration, especially under 
the influence of caustic alkalis, calcium hydrate, 
and strong oxidising agents, e.g., chlorine, hypo- 
chlorites, etc. 

The linen fibre is less readily dyed than cotton ; 
its thick cell-walls and general physical structure 
and the possible presence of pectic matters no doubt 
exercising some restraining influence. 

21. Jute consists of the bast fibres of various 
species of Co7xliorus, notably C. capsulaxis, belong- 
ing to the family of the TiUacece, and is mainly 
cultivated in Bengal. The fibre is separated from 
the plant by processes similar to those employed in 
obtaining the flax fibre, namelj', retting, beating, 
washing, drying, etc. The raw fibre, as exported, 
consists of the upper five-.sixths of the isolated 
bast, and occurs in lengths of about seven feet. 
Under the microscope, it is seen to consist of 
bundles of stifi:', lustrous, cylindrical fibrils, having 
irregularly thickened wails, and a comparatively 
large central opening. The colour of the fibre 
varies fi-om brown to silver-grey. It is distinguished 
from flax by being coloured yellow under the 
influence of sulphuric acid and iodine solution. 

According to Cross and Bevaii, the substance of the 
jute fibre is not cellulose, but a peculiar derivative 
of it, to wdiicli the name hastose has been given. 
Under the influence of chlorine, a chlorinated com- 
pound is produced, which, when submitted to the 
action of sodium sulphite, develops a brilliant 
magenta colour. This colour reaction is also 
exhibited by tannin-mordanted cotton, with which 
jute shows great similarity ; this is further ex- 
emplified by the fact that jute can be readily dyed 
in a direct manner with basic coal-tar colouring 
matters, i.e. :xactly like tannin-mordanted cotton. 
Jute may indeed be considered as consisting of 
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colliilose, a portion of whicli has become more or 
less iiuHliiled throughout its mass into a tannin-like 
substance. 

Acids, notably mineral acids, even at low tem- 
peratures, readily disintegrate jute, resolving it 
into soluble substances. This destructive action of 
aei<Is must be specially borne in mind by the d 3 X‘r 
and bleacher of jute. 

22. (zhviia Gnus , — This fibre, also called Eheea, 
liainie. etc., consists of the bast cells of BoelmieTm 
ndvea (lytun nlwa), a perennial shrub belonging 
io tlie nettle family, Urticacece. The plant grows 
abmidaiitly in China, Japan, and the Eastern 
Archipelago generally. . No perfectly satisfactory 
metliod of obtaining the fibre with little loss has 
yet been tlevised, the ordinary retting process not 
being thoroughly effective. The chief character- 
istic.s of the fibre are its excessive strength, and 
durability, fineness, silky lustre, and pure white 
colour. Sulplmric acid and iodine solution colour 
it blue, hence it consists essentially of cellulose, 
l'n(i<‘r The microscope the fibres appear stiff and 
sTi'ai jlir, and verv Biiiii1a.r to those of flax. ■ 


2M. I hrb*//V.s* of bbo/.— lU' the terni “woor’ we 
describe the hairy cove-ring of several species of 
inamimdia, more especially that of the sheep. It 
differs, h«.>wever, from hair, of which it mat' be 
regarded as merely a variett”. 

Many mammalia have botli weed and hair, and it 
is probable that this has also been the 'case with 
the sheep in its original wild state, but under the 
influence of domestication the ra,nk hairy fibres 
have largely* disajopeared, while the soft under- 
wool has lieen .singularly developed. 

The climate, breed, food, and rearing of the 
sheep all influence the quality of the wool. 

t^hcejf a wool varies from the long, straight, coarse 
hairy wool of certain varieties of the Englisli sheep 
(Leicester, Lincolnshire, etc.) to the comi^aratively 
short, wavy, fine, soft true wool of the Spanish 
Electoral .sheep. 

Very marked differences exist even in the wool of 
a single animal, according to the part of the body 
from wliich it is taken, and it is the duty of the 
7r(wi-so?if?' to distinguish and separate the several 
qualities in each fleece. 

24. Tlic Physical Strifdvrc of the wool fibre is 
very characteristic, and enables it to be readily 
<listingnished from other textile fibres. It is built 
up of an immense number of epithelial cells, and 
under the microscope is seen to consist of at least 
two x")arts, sometimes three. 

(1) The external cells appear as thin horny plates 
or .scales of irregular shape, arranged side by side 


and overlarfping each other, somewhat uhvv :!:c 
manner of roof-tiles (Fig. J). The uppi*r edge? ra’i* 

■ more or less free, tlie lower are apparently iiiihc'ddrd 
in the interior of the fibre, in merino /cui ’ tl.t- 





Fig. 4,~3Iicno.-'CorirAL Ai*r'i:\nAX»„n u' IVet l Fifta . 

.scales appear fiiiinebshaped, and tit Iiiii'* each 
other, each one enrirely SUIT* funding theiibre. In 
hair they are rner*^ deeply' ejiiboddcdi : tLy abe 
lie Matter, and pre.-ent but lit Tie free Tuargin. 

This surfact* charaett.r play.'^ an impurtaur | an 
ill eausiiTg liie felt ij’ig ef wtr.l in ndiliae." t e'. 
During this anti similar (»m‘ratifL> the 
scales of diUVrent llbri‘S gratlually beciuae inift- 
locked. 

(2) The certicaii substance ef tlie wt-fb ‘‘fm- 
stitutlng nearly, and sometimes entirely, flic wla'le 
internal portion of the iiljrcf, i.s composed uf long 
spindle-.dmped cells. This 

structure, which gives Tlie jl " | 

imu'T portion of a VO )i)I fibre /( j m 

■ a fibrous appearance, is best h m W 

seen after gently heating 11 #) / f I 

with siilphiiric acid. ■ M M / f |u 

In Fig. u, B reprc-sents f| # I / li 

the microscopic appearance w ^ | w 

of the fibre after treatment If // 

■ with acid, and A shows * | / 

some of the individual cert- MpI iJj 

ieal cells. B 

It is an interesting fact 
. that tliesc' disintegrated in- 
ternal cells possess a greater 
attraction for colouring* 
matter than the external //l/fjf/M 
scales, wdiich seems to ex- 
plain why ^‘extracted'’ or 

carbonised wool dyes a 
deeper .shade and more ra- FiL\ a. — Crli-s of W.sMi. 
pidly than orainai-T tvool .botetraf”™ 

(3) The central, or me- 
dullary, portion of the wool fibre is foniie«l of 
rhombic or cubical cells, which appear as tl.e 
marrow or pith of the fibre, and may traver.se its 
whole length, or appear onh’' in parts. In good 
classes of W'ool (merino, etc.) it seem.s to be efitirely 
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ab.sent, or ratlier it is ina2stingiii.shable from the 
cortical . portion. ' ; ■ ■ ■ - ' 

Wool fibres wliicii exhibit the medullaiy cells 
are of lower ciiiality than those in which the medul- 
lary cells are in visible. , , ■ ■■ 

gives the : cross sections, according , to 
Dr. F. H. Bowman, of two typical wool fibres : a 


worthy that damp wool is not so liable to mildew 
as the vegetable fibres are. 

The amount of moisture in unwashed wool varies 
■ with the fatty matter it contains, the less fat the 
more moisture. 

This hygroscopic character of wool renders it 
very desirable that those trading, with it should 
know exactly its- condition in this respect at the 
time of buying and selling, hence, on the Continent, 
so-called Wool-conditioning’' establishments have 
been instituted in various centres of the woollen 
industry — ejj., Roiibaix, Rbeims, .Paris— where the 
exact amount of moisture as well as the foreign 
matter in any lot of wool may be officially deter- 
mined. These establishments are arranged on the 
same principles as those for silk-conditioning. The 
legal amount of moisture allowed on the Continent 
is 18-25 per cent. . 

If a wool -fibre is steeped in -warm water, it 
softens very considerably, and tfjen, like all horny 
substances, it becomes retaining any position 

which may be forced uj)on it. 

Jf-Jlastielty i; 
by wool in a high do 


another important feature possessed 
?gree, not merely because of 
the wavy character of the fibre, but also on account 
of its substance and structure. 

The hygroscopic and plastic nature of wool come 
into play in the processes of “ crabbing ” and 
“ steaming ” of unions, in the “ boiling” and “ finish- 
ing” (“hot-pressing’,’) of woollen cloth, and in the 
“ stretching” of yarn. 

Furllier, in con junction with pressure, friction, 
and. temperature, many .of the aLove-mentioned 
physical features — the scaly surface of the 
fibre, its waviness, and its hygroscopic, elastic, and 
Of all These, the alpaca pdastic nature — play a most important part in the 
processes of “felting” and “milling” woollen 
cloth. 

The lustre of wool varies very considerably* 
Straight, smooth, hairy wool has more lustre than 
the curly merino wool. The differences exhibited 
depend chiefly upon the varying arrangenient and 
transparency of the scales on the surface of the 
fibre ; the flatter these are and the more they lie in 
one plane, the greater will be the lustre. Such 
wools as possess a silky lustre in a high degree” 
Lincoln and Leicester w’ools, etc.— are classed 
as Imtre wools^ as distinguished from 
7voflls — e.g.y Merino, Colonial, etc. 

Hairy, lustrous wmol is harder and more horny 
than non-lustre wool, and does not dye so readily. 

The best wool is colourless, but lower qualities 
are often yellowish, and sometimes variously 
coloured—^,//., black, brown, red, etc. These 
natural pigments are not so fast to light as is 
generally supposed, a fact Tvhich is already revealed 


matters. (.SVa “ Woollen ami Wfu-sted Spinning.”) 

25. Forciff/o Vtawid^ and Llama 

wool are obtained from difiorent species of the 
genus Auchenia (J. aqjaea, A. I'tauf/nla^ A. 
Ihima'), which inhabit the mountains of Peru and 
Chili. 

ALohalr is obtained from the Angora goat {Cajrra 
I/rrcus auf/Lini/istK) of As.ia Minor, 

VasJnuero coiTsi,sts of tlie soft under- wool of the 
Cashmere goat {Cajrra Itirciis lauiffer') of Tibet. 

The soft under-wool of the camel, which it sheds 
each spaing, is also used, 
and mohair are most largely employed. 

Certain o'f these foreign wools, inoi 
Van Mohair, also Alpaca, Camel’s liai 
and Persian wool, are apt to be dang 
health of the wool-sorter. They often 
microscopic organism known as Baellh 
the same which excites splenic fever ii 
horses. When taken into the broncl 
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by the blenched appearance of the exposed portions 
of the fleece. 

The worth of any quality of wool is determined 
by care fully observing a number of its physical 
properties — ejj., softness, fineness, length of staple, 
waviness, lustre, strength, elasticity, flexibility, 
colour, and the facility with which it can be dyed. 
Fleece wool, as shorn from the living animal, is 
superior in quality to ''dead mml ” {Le., wool which 
has been removed from the skin after death), if 
lime has been used in the process, as is usual, with 
tanners, but if it be removed from the skins by 
cutting, the wool is practically equivalent to ‘" fleece 
wool." Limey wool should always be treated with 
dilute hydrochloric acid and then washed with 
water ju'evious to scouring. 

27. Chemical Comjhmtioii.^lrL coosideriog the 
chemical composition of wool, a distinction must 
be made between the dhre pTOjur and the foreirpi 
matters encrusting it. The latter consist partly 
of inecTianically adhering impurities derived 
from without, but they ore mainly secreted by 
the animal, and constitute the so-called yuM' 
(Fr. melnf). 

Wool jihrc which has been entirely freed from 
these foreign matters p«-tsse.sses a cheniical com- 
position vejy .similar to that of horn and feather.'^, 
and consists of what is termed keraiiti (horn-.suh- 
.stance). lt.s elementary composition varie.s some- 
what in different qualities of wool, but the following 
analysis of German wool may he taken as repre- 
stmlath-e : — 

Carbnii -ju 2 ‘j I'er Ct-ut. 

HyUroi^eu 


Oxygen , 
Nitrijgen 
Suljiiiur 


23‘'rtU 


100 -00 


The question as to whether the .sulphur is an 
essential constituent or not has been much dis- 
cussed. Its amount varies in different wools from 
0-8 to 6‘8 per cent. Its constant occurrence, and in 
comparatively large proportion, precludes the idea 
that it is merely an accidental con.^tituent : more- 
over, it appears to be present in two modifleations, 
and it has hitherto been found impossible to <le- 
prive wool entlrehj of its sulphur without at the 
same time de.stroying‘ it. 

This presence of sulphur in wool is attended with 
surne practical disadvantages. The wool, especially 
when in a,n alkaline condition, is apt to contract 
dark-coloured .stains, hence its contact with such 
metallic surface.s as those of lead, copper, ^and tin 
should be avoided during processes of scouring or 
.even dyeing. 

A boiling solution of pliimbite of soda at once 


blackens wool, and may thus, in .some case.s, serve 
to distinguish it from silk or cotton. 

■ Wlicm dyeitig certain pale shatles. iimdi of the 
sulphur may be osefully removcdi by >tf.‘f‘pir:g tlie 
W'ool in cold weak alkaline sulutioiis— milk of 
lime — then washing it in water, in weak hydro- 
chloric acid, and again wit’n wmer. rvpeating rk.e 
operations seweral times. Wool thus treated, 
though still containing sulphur, but evidently in 
some other form, does not react with pliimbite of 
soda. , 

Actlo/i of larkms Af/cMcles 0)1 llhe/. 

28. of Jfeaf . — If heated to wo<fl 

begins to decompose and give-* oil .ammonia ; at 
140-150' C. vapour coiTaining sitqliiir is disen- 
gaged. 

When a wool fibre is inserted in a flame, it burns 
w'ith some difficulty, emits a disagn'eable odour of 
burnt feathers, and a ''jead of poreiis carbon is 
formed at the end r)f the fibre. These reaciions 
serve to di.stinguish wod from all vegetalfie 
fibres. 

A cold ammoniacal sehuion of cuptrie hydrate 
ha.s no action n]io]i %vooi, but If it i> used .W the 
wool is dis.^olved. Hair is less suseej tihie ami <loes 
rmt di.s.solve. 

29, Actha of A elds. —Dilute sniutiuns of hf/dro- 
ehUmc and sHlpharlc acids liave lime inliuence 
upon wool, whether a]>plled hot or cold, further 
than opening out the scales and making the fibre 
feel somewhat rougher. It is important to re- 
member, however, that the wool at tracts or absorbs 
a considerable prop<‘jrtion of the acid presented to 
it, which it is extremely (lifficult to remove by 
washing or even boiling with water. Wool boiled 
with dilute acid and afterwards with water may 
be dyed with acid coal-tar colours without tlie 
usual addition of achl. When rreate<l with too 
concentrated acids, the fibre is soon disinteg- 
rated, but in any case their destructive action is 
by no means so energetic on wool as on cotton. 
This fact is made use of to separate cotton from 
wool in the process of “extracting" or ‘-carbon- 
ising" rags containing both fibres. Tiie rags are 
steeped in dilute sulphuric aci<l, and after reim^ving 
the excess of liquid, are dried in a stove at about 
110' C. The disnrganise<l cotton can ihen be 
beaten out as dust, while the wool remains com- 
paratively little injured. Another method is to 
submit the rags for a few hours to heated hydro- 
chloric acid gas. 

By heating wool with concentrated hy<lrochIoric 
acid, it gradually becomes almost entirely dissolved, 
the solution containing so-called laiuttjlnlc aeUh a 
substance which is said by some to play an essen- 
tial part in certain cases of dyeing. 
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PEACTICAL MECHAFICS.^II . , : 

Bv R. Goudux .Blaixe, M.E. 

^ 3/. JiibL L.I’:., d-c. ; >'<e)tu>r TJimion!>tratot'a}id Lecturer on 

. ^lechmiim at the City 

aau Gututs >.4 London h.chiiical Cul’eyc, Fiiisbiiry, 

[CotittHHedfruiup.bO.] 

FORCES ACTING, Jloi. THROUGH ONE POINT WORK 

AND BNEEGY — PEEPETUAL MOTION — REPRE- 
SENTATION OP WORK BY AN AREA-WORK 
DONE BY A TAPJABLE FORCE — WORK WITH 
ANC4ULAE AIOTION — LAW OF MOMENTS. 

The f 01 cos we have to deal watii in mechanics 
Aften act in one plane, but seldom through one 
point. Thus in tiie case of a beam, or a roof truss, 
loaded in the usual way, the forces are co-plaiiar, 
but do not act at a point. How do we find the 
resultant of such forces Well, there is certainly 
a little more diiilciilty in this case than in the 
cases previously taken up, for we have to de- 
termine not only the magnitude, direction, and 
sign of the resultant, but also its position in the 
plane, lo do this, an additional construction is re- 
quired, which will now be explained. In Fig. 9 we 
ha'^e dra^\'n four iorces not acting through one 
point. Notice how we name the forces. Each 
space has a letter assigned to it, and the force 
A B is that which separates the space A from 
the space b. In hig*. lo the force is repre- 
sented in the usual way by a line with a letter A'" 
at each end. In Fig lo the force polygon 
A, B, c, D, E is drawn, and tlie closing side^E A 
gives the magnitude, direction, and sign of the re- 
sultant The only point to settle now is to find the 
place in the plane where tliis resultant acts, i.e., to 
find one point on the line of action of the resultant. 

To do this we require the aid of what is called 
a ^ funicular or ** link ' polygon. Choose any 
point or pole, o, near the force polygon, and draw 
a line from it to each corner of the force polygon, 
as shown in dotted lines in Fig. 10. Now take 
point on one of the forces (say a b) in Fig. 9, and 
through the space A draw a line parallel to o A in 
Fig. 10, through space b a line parallel to o B, and 
meeting the last line on ab; through c a line 
paiallel to oc, and so on, until each space has its 
doUed line; these dotted lines (Fig. 9) form the 
“ link polygon.'’ 

^ Now close the link polygon hy producing the 
lines in A and e till they meet at p, which is a point 
on the resultant. Ihe resultant is now completely 
known. 

It win be proved in a later lesson— what is here 
taken lor granted — that if forces acting in one 
plane, but not through one are in equilibrium, 
their force poli/gon Is closed, and also the link 
is closed. 

Ihis agrees with the conditions alread}^ given, 


that the sum of the horizontal and also the sum of 
the vertical components of the forces shall be 
zero, together with the additional condition that 
the sum of the moments of the forces about any 
selected point on the plane shall also be zera 
The term “moment” will be explained presently. 

It will be noticed that it does not matter what 
point on the plane — is selected for the pole o. 
except that if chosen in an inconvenient position 
the drawing may be of awkward dimensions. 

Nor does it matter what point on the line of 
action of one of the forces is chosen to begin the 
funicuiar polygon; if the drawing is properlv 
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carried out, a point (not necessarily the same point) 
on the resultant will be found. It is very easy to 
put these statements to the proof. 

Tlie student should work examples by the various 
rules given in this lesson, and try to get familiar 
with the methods explained. 

WORK and energy. 

Work in its ordinary sense is a familiar word. 
We probably think of work most in connection with 
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the forth of muscular effort, and with the 

sensations of fatigue which usually follow. In the 
sense in which the term is used in mechanics, work 
is done when a force is exerted through a dlstanoe 
measured in its own direction. Thus, for instance, 
I may push with a stick against a wall, and may 
feel tired if I continue my efforts long enough, but 
I do no wiyrh if the point of application of the force 
does not move in the direction of the push. Here 
there is a force exerted but no dMmce, hence no 
work done. Again, one can imagine a piece of very 
smooth niarhle resting on ice; if the surface.s in 
contact- w'-ere perfectly smooth, no work would be 
done in drawing the block over the ice. Here the 
distance exists but the three is zero. Perhaps the 
simplest case of doing work is that of lifting a 
weight, and hence this has been chosen to deter- 
mine our unit of work,- — tlie work done in raising a 
pound weight 1 foot high at sea-level at Green- 
wich being called one foot-pound.” The opposing 
force is in this ca<e the attraction of gravity. In 
all I'jises in which wnrk is done it is quite 
evident that tluwe mmt be an opposing force or 
resistjinee of some kind, and we say that work 
is dune oti. ix dtjulnyit this re'^istunce. if we look 
at tlie action from the ]>uint of view of the applied 
fon‘e or effort, we say that ratov/y is exerfeth 
but from the point of view of the resistance work 
is dour. 

Work, then, can be done by a body possessed of 
energy, and in fact tbo t\^o terms work and energy 
are two names for the same tiling when looked at 
from two different standpoints. 

Energy then may he defined as the j^ower or 
eaj)ahtUiif o/doinfj work. And it is, on a little con- 
slderatinii, evident that nature has been most 
prodigal in her gifts to us in regard to this valuable 
quality. 

The moving air or wind, the water in oiir rivers 
and streams, onr great stores of coal and other 
fuels, and oven the tides which ebb and ilow on our 
coasts are all nature's proci<uis gifts to prodigal man. 
One poiiiul weight of g«’>od coal contains about 
11,000,0(10 foot-pounds” of energy, and yet Avhen 
we burn 11 lb. of tliis coal iii the furnace of one 
of our best steam engines, we will proliably not get 
out more than 33,000 x 00 or 1,080,000 foot-pounds 
of energy. Hence, even in a .steam engine, which is 
one of our most perfect machines, we wa.ste at 
least of the energy "whicli has been so provid- 
entially laid up for iis ; but it may be questioned 
whether, with this kiiowdcdge, we are wise inputting 
a vague dependence on the appearance of a new 
.store of ’‘fuel-energy” when our present one is 
spent. It must not be thought that the energy 
which is usually spoken of as fmsied disappears 




altogether ; it is merely changed into another form 
ill which it i.s no longer useful to us. Heat is a low 
or degTaded form of energy, and wiurever rublung 
takes place friction rerlucos souic of (f.ir liiuiicr 
mechanical eiierg'y into thift lower htrra. Bui the 
sum. total of energy is the same as before, tlioiigh 
it may, have Uikoii sc'veral diff’ereni forms. Energy 
can neither be created nor diest roved by any j 
with which man is acquainted — this law is 

called the law of the conservation of energy, and is 
perhaps the most impurtaiit wiili wliieh we have to 
deal... . ft 

,, It directly affirms the iMoossilnlitf/ of a pcrpctunl 
motioii, for it is impossible to construct a machine 
ill which there is absolinely no waste, in the sense 
above referred to, of energy : and hence less energy 
in the higher form is got from the maeliine than is 
]3iit into it. Ir is evident them tliat, if we start 
with a given store of energy, and simply make it go 
round and round the cycle oi the maclihie — a> iiuhe 
case where a water-wheel pumps up water which 
again driv(‘s, or hel[*s to dnivt\ the wheel — a rime 
must come when tin* eii*-rg\ vrith which wt- started 
will all be wasted, or will all havt‘ assumed a lower 
form, atul hence our ma<'hine must stop unless sup- 
jlied willi a fresh store, ft is true that perjple have 
suggested iiie taking of heat from the air, whirdi 
has practically an unlimited supply of energy in 
this form, aiul making it <lo work in cooling tlown 
to a lower temperature, but this tiio is a failure, as 
miglit have been foreseen from an elementary law 
similar in effect to that which we have stated. 3f 
we give one foot-pound of energy to a inachino, and 
there is no storage and no waste of energy, ive will 
get one foot-pound in the same or some other form 
from it, but oo wore. I'his is sometimes called the 
L.vw OF woPJv. and it at once dispose.^ of the 
‘‘perpetual morirm” fallacy. It is of course evhlent 
tliat energy can exist in duiferent fmos. Thus, ti 
weight raised to a certain height, or which can fall 
to a lower level, possesses energy in rlie form which 
we call poteotial energy. A moving body such as a 
projectile or a train ]'tossesses energy in virtue of its 
motion, this i.s called k'roetle cnergv. A coiled 
sspriiig pos.sesses strain energy, which is a kimi of 
potential energy, and chemical elcm<‘nts whicli can 
give out energy’ in combining. sn<?h as gnn]DOwder, 
or any fuel, posses.s anotlier form of cnorg-y — the 
energy of chemical affinity — a kind of potential 
energy. Tliere are many other forins of energy, 
such, for instance, as tlio<e revealed to us by the 
sciences of electricity and magnetism ; bur the 
great law is still true, tliat if one foot-pound of 
energy in any form makes its appearance, oiu^ foot- 
pound at least, in the same or some other /orm, 
must liavc disappeared. 
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nEPKE.SEXTATION OF WOEK, 

Since work irr the product of two 
iicl dkia?iec~it is evidently such a quantity' as we' 
cay represent by an area. This is very easily 
Mderstood in tin:* case of work done by a constant 
cuce, for in this case the area is a rectangle. Thus 
n Fig. 11 let the height OB contain as many 


The simplest and most practical solution is a 
graphic one. Draw a horizontal lino A Ji (Fig. 13) 
to represent the total length of the chaiin and at 
one end erect an q 
ordinate Ac to f 

represent the | 

total weight of -g 

the chain; join j 

CB. Then from A j 

measure oif ad <1 k— — J 

to represent & J 

feet of the chain, Fi" 13 

and draw d e 

pjarallel to AC: de will represent the weight ot 
chain hanging down after if feet have been raised, 
the area of the whole triangle will represent the 
work necessary to raise the whole chain, the 
trapezoid A d e c will represent the work required 
to raise the first h feet of it. and the triangle E db 
that required to raise the remainder. 

It is evident from the similarity of the triangles 
that 


This is the number of units of work required to 
raise the first h feet of the chain. The work required 
to raise the whole chain is evidently hid x Z = 
hd- or = weight of chain x -I- its length. 

These results involve an important principle con- 
nected with centres of gravity, which will be 
referred to later on. ' The reader will notice that 
work is in each case 
simply the welffM muUipUed 
hp the helffht thTirufjh whieh 
the centre of its mass is raked. 
Another very common in- 
stance of work done in a 
similar way is that of cxteiid- 
I ing a spiral spring. Thus in 

'' Fig. 14 a force is apjfiied to 

elongate the spring. At first 
wdien the force is zero the 
position of a point attached 
to the spjring is,, say, at P, 
and an increasing force is 
gradually applied till this 
point readies q, the line q e 
representing the force then 
necessary to balance the pull of the spring. Any 
line in the triangle parallel to QE shows the 
f orce necessary when the spring has been elongated 


to represent to some scale the distance through 
which tlie force acts, then tiie area of the rectangle 
o A e B will contain as many units of area as there 
are units of work in that done by the force. Thus 
the area represenfs the work done in this case. 
In practice, iinwever, the c-ases in which we have 
to deal w'ith constant forces are comparatively few. 
One simple instance of work done by a varhihle 
force is that in which a chain or weight of a 
similar nature is raised by a force acting at one end 
of its length. Tims in Fig. 12 we have a chain 
suspemled by one end. Suppose the chain is I feet 
long and weighs iv lb. per foot, find the work done 
in nosing any given portion, say h feet, of it. 
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a distance represented by the length from p to 
that line ; and the work done in elongating the 
spring to represented by the area of the triangle 
pQRj is therefore half the final pull of the 
spring uiultixdied by the elongationj or is equal to 

the final puli of the 
spring multiplied by- 
half its final elong- 
ation. 

If the force varied 
in the curious -way 
represented in Fig. 
15— where it is con- 
stant through a 
short distance re- 
presented by the 



A B CD E p 

Fig. 15. 

breadth of a little rectangle and then suddenly 
changes to a new value, shown by the height of the 
next rectangle and so on — the sum of the areas of 
the little rectangles will represent the work done by 
the force when varying in this curious way. Now 
let the little distances A B, n c, etc., become smaller 
and smaller, /.c,, let the di'^tance through w-hich each 
value of the force acts become less and less : in 
the limit the force will vary, not by sudden jumps, 
but in a regular way, and the top of the figure will 
be a regular curve ; the area included by the curve, 
the two end ordinates, an<l the line A p still repre- 
senting the work <.lone. This is a very important 
result, which will be referred to in connection 
with the steam engine indicator and indicator 
diagrams. 

WOBK AXB ANGULAR DISTANCE. 

In the preceding the point of application of the 
force is supposed always to lie on a straight line. 
But it is evident that work ma,y be done in turning 
a body about an axis, and I sliall now briefly refer 
to this part of the subject. 

Imagine two forces p and Q acting on a lever 


. Pig. 10. 

balanced, on a knife-edge at p, and monng under 
the action of the forces from the po.sition R n to 
the position of equilibrium M s, as shown in Fig*. 111. 
Neglecting the weight of the lever, and imagining 
the motion very small, the work done on P is p x 
M N, that done by q =: q x R s, and these two 
amounts must be equal since there is no w’aste of 
energy ; 


_ . MN .RS ' MN'' IIP , .• , 

' MP ''bs ~ 

N M P and E s P are similar ; . 

P X M N = Q X ES 

may be written 

P X MP==q X SP. 

Each product is called the “moiiieiit” of the 
force about and the laieqf simply the 

law stated above, viz., that if force.s act on a body 
which is free to turn on an axis, then if there is 
equilibrium the sum qf ike momv/iis qf the ftfrecs 
admit the axis must he zera, didereiii sig-ns beiritr*? 
given to moments whicli tend to turn the body in. 
opposite directions. A more complete prcfof of tills 
important law, is. given in tlio les.soris on *• Applied 
Mechanics” in the New Popular EDUCAXoit. A 
few practical applications of this law will probably 
be of interest. 


CARPENTRY AND JOINERY.— II. 

By 1L a. Banter. 

{CoHtimwJ ji'uui p, fU,] 

TOOLS {i'mitbim'd), 

Althoitcjh most of the carpentry work of building- 
comstruction will be done on rough timber, and the 
plane is the' typical tool of the joiner, yet the 
carpenter liad better provide himself with a plane 
or two. A jack plane will probably flo for tlie 
present. This plane is 17 inches long* and usually 
has an iron inches wide. It will be useful for 
reducing, when joining pieces not quite agreeing iu 
width. If two planes are purchased, a trying plane? 
will be the most useful addition to tlie stock. This 
is 22 inches long, and the iron ouglit to be at least 
2-J inches wide. 

A gouge or two had better be added to the list of 
tools. Gouges may be useful in enlarging holes or 
countersinking, as well as for ordinary shaping 
purpo,ses.' 

A lesson will be given upon some appliances for 
setting out, which are scarcely tools, and must 
generally be mafle by the worker. These will 
inciiide various gauges, appliances for marking 
circles and, ellipses, .squares and angle bevels. 

Trusses , — Tlie must important parts of carcass car- 
pentry are floors, partitioms, and roofs, and the prin- 
ciple most relied on to secure stability in roofs and 
partitioms is tlie fact that if the side.s of a triangle 
remain unaltered, the angles remain unchangeable. 
This principle i.s at the liase of all roof design, and 
is the ju.stiflcation for what is called ’Mhe triiss.’^ 
Roof principals and built-up girders iin'ariably rely 

* TLe distances mp {iikI ps an* snppo.sucl to be at pgbt 
angles to the forces p and q respectively. 
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rigid rule. 3Ioclern practice has 
tlie great tensile strength' of a 
.11 iron rod, and by nsing timber 
‘pressed by rlie strain, and iron 
•tion tliat would be extended by 
s npei'i D cum bent struct are, and 
T ihe facility afforded by bolts. 


by effort, and this work can help only by s 
means to the desired end, and methods 
to secure proficiency. 

Msts (iMl Sleepen,-- klmo&t the first c 


and nuts, their easy adjustment a,rid the ready way ' I 

in which holes for the reception of iron rods can be 

made in any direction through the timber, com- required in the building is notching to^ 

posite beams can be built up of greater strength, ' .fixing joists and sleepers' (Figs.^ 10 

^ . . ' The notching drawm here resembles .halvini 

not so deep, the cogging is like a bridle 

|g . 

p;o- 6 i "^ith the saw and chisel, am 


than would be priS'iblc or 
and 0). 

On exa.minatiou it wil 
inserted rods convert foi 


be found that these 
sifU‘d openings into 


Jo hit open 
ih7'ongh 
Sh^nktu^, 


triangles. In oblique work, the abutments need cogging the same, except that the use of the saw 

special care, owing to the alteration of angle wduch is in cogging more limited. The sleepers rest on 

takes pfiace in the joint when such timbers shrink. piers here and there, or on a little wall across the 

An examination of any picture-frame that has been building, and are either supported by abutments or 

made of damp w'ood will show that the joints open piers at each end. It depends upon the distance 

at the inner corners as the frame dries, proving that between the ground and the sleeper wiiether pier 

diminution of w'idth witli unaltered length affects or 'wall is adopted ; the sleeper serves as wail-plate 

the angle of the mitres. It is generally agreed to the joist, and neither wall-plate, sleeper, nor 

that the almtrnent of a joint should be as nearly as joist shovld he hnilt into the wall in the base- 

possible a right angle to the compressed timber, or ment, owdng to the possibility of damp and decay, 

that the angle should be bisected (Figs. 7, 8, In fact it has been recommended to rest the joists 

^)' of upper floors upon a plate not built into the wall 

It is partly because of these difficulties, and but resting on corbels, but there is no reason to 

partly to avoid cutting mortises in beams, that iron suppose that good timber will readily decay when 

socket.^ a re often employed. built into an upper portion of a wall when sand 

The practical use of tools can only be attained and lime mortar is used. 





more will have to he UfLewiui mai.i-i twn vin>vi, 
beeaiise the co^ is left mi tl:eiaitldh r»f the deeper. 

The joMs will he ii(»tcherl to fit the uoteli or four, 
the (lilTerence is a mere matter oi the withli of tlic 
cut portion, and can be done with ."aw and ehi.seh 
as the notching’ of tiie slcepeiv wu's d.ctnc, t/ure 
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Cm«.’.-~Thcse are brackets, or blocks of wood, bablj be laid before tlw notching L done.^ Bj 
>tone, or anv other suitable material, parth built means of a elialk niie all me ]dac»*> ilie 

into the wail and partly projecting from it. ^ This can he marked, the emi." ui me m two mNvn, and 




Cogging, 


isired, ornamentnl appearance, utility in case of 
t era lions, tlie clefect being that the weight is not 
. wtdl distributed as in a wall-plate (Figs. 1-1- 
0 - 

Xotcltbiq and Cogging.— Hht sleepers will X)ro- 


imist be taken that tlu^ depth of the cui is alike m 
all jiusls and sle»'pers. 

ivr^./fhoos-.-— Probably the. next work re<iuired of 
the carpenter will b(‘ lunking’ partitions. Partitions 
will demand treatment special to themselves. '1 liese, 
of which drawings are to he bmud in Fi.ns. 17 to 
involve the use of the “mortise’' and teiuaf? Tim 
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niorlise is a rectangular cavity cut in the interior of 
a piece of wood ; that is, a mortise, although it 
may be cut right tiirough a piece of wood, must 
not extend to the end or either side of a timber, or 
it ceases to be called a mortise (Fig. 21). This 
joint is more frequently used than any other, 
and is comparatively simple to make. The 
breadth of the mortise, when cat in partitions, 
door frames, etc., is usually about one-third of 
the thickness of the wood, and a trifle more or 
less is of no serious moment. Depending as it 
does on the size of the chisel, the mortise is 
generally to the nearest size approaching the 
for which chisels are made. 

may, however, he enlarged to dimen- 
sions greater than at first cut, but this is a 
waste of lime, and the best plan in such a case 
is to obtain a larger chisel. 

Labour may be saved by boring out as much of 
tlic wood of the mortise as possible; but the easy 
reinoval of tlie bulk of the w’ood is balanced, as far 


using it as a template ’’ (Fig. 22). The same tem- 
plate will serve to set out the tenons, 'i'hese are 
cut with any suitable sav/ ; if large, with a rip-saw, 
and the slioulders with a han<l nr tenon mow. 

A temjdate is a pattern eitiier in wood or" in 


TanpJate fvr Jlitres. 


Template for 
Trestle JIakinp. 


Fig. 


TKMI‘LAim. 


Fig. 21. 


as time is concerned, by the necessary squaring of 
the cavity. 

The accuracy of a mortise depends on (1) the 
timber resting on a level surface wliile being 
mortised ; (2) on the worker’s ej^e being in a plane 
with the centre of the morti.<:e ; (3) upon the chisel 
being ground and sharpened truly, and the handle 
being true to the blade. The first cuts in making a 
mortise should be near its centre, and as soon as 
possible some of the core must be removed ; after 
which, each cut removing but a small piece of 
wood, must be driven deeper and deeper until the 
required depth is attained. Keeping the flat side 
of the chisel towards the boundary to which each 
successive stroke is tending, the chisel is little by 
little brought up to the line. When the full 
depth has been reached, make e\’ery succeeding cut 
as deep, and in every ease have proper lines set out 
before mortising. The parallellines for the mortise 
are marked out either with a pencil or with a 
mortise gauge. A pencil is accurate enough for 
unplaned wood, but for joinery the gauge ought to 
be used. A saving of time may be effected when 
several mortises alike in size are to be cut by 
making a mortise in a piece of thin wood and 


sheet-metal, wliieli. ’oeiiig carefully prepared to 
the rerpiired dlinensiun.^^. enables the workman more 
readily to shape several aruclt;s to the siiiue flgure. 
Templates are, thc-refore, ustM.! to mark the sliape 
and posit it.*n of any mortUes or otlier euttiiig> 
required (Fig. 22) as well as the exU'rnal shape of 
the work retjuired (Fig. 22b). 

Th(5 nuine is also a]iplied to a guitle fur culling 

mitres " to riglu-angltHl frames. JSuch u template 
is made either of wood or metal, and has its ends 
cut at an angle of 4r>° to its longer edge?. Although 
differing from lempirttes in general, this mitre 
template serves tiie same purpo.se. It is equally 
a model by wdiich the angle is determined 
(Fig. 22a). “ 

Templates of .sheet zinc will be found of great 
utility, and as the metal is not very hard it can be 
cut with any carpenters' tools or a pair of strong 
scissors. In cases where shaped brackets are 
required, the pattern may be drawn on the zinc 
with any pointed or if the aiiie is not quite 
bright, with a black lead pencil. If one of the 
edges of work is straight, tlie line may he drawn 
on the zinc a little distance from the edge, and a 
few cuts from the edge of zinc to the line will 
allow the metal to be l)ent altenmtely to the rigJit 
and left at right angles to the face of the partem, 
thereby forming a .stop. Curved lines may he cut 
with gouges or bored out with centre bits, and 
straight lines cut with the ai*! of a .straight edge 
and a strong knife, or even a bradawl. Such a 
template has been found of great service* by 
the writer in making the c-mls (d* a number of 
seats for a chapel, the zinc template not only 
giving the outline for each end. but also indicating 
the housing cuts for the reception of the .seats and 
back rails, and was equally available for ^either 
end. ' ' ■ 
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.'.WOOLLEK AF.B WORSTED' 

SFIN"E'INCt.— XI. 

Bv Walter S. B. McLaren, M.P. 

® • [C( > lit iiituyl from 65,] . 

THE XATURE OF WOOL (mafOmerf)- 
9. Soundness of Fibre . — Tlie property of wool 
next in Importance is soundness of fibre. It is 
clear that if the fibre is tender in the middle, it 
will break daring some process of working, and 
tlius the thread is weaker, and all value derived 
: from length of wool is lost. Tenderness arises 

from ill healtl’i and neglect of the sheep, and is 
seen at once by the fibre being thin in some part; 
just as when a person is ill those portions of his 
finger-nails which are being formed during Ms 
‘ illness grow and always reiiiain tliinner than the 

rest, so when a sheep is ill or half-starved, the 
portion of wool grown at the time is thin and 
• tender. This can be most readily detected by 

‘ P^dling a small staple tightly from both ends, when 

: if it be tender it will give way. 

i 10. Softness. Fineness, and Length . — In softness, 

s fineness, and length, wools vary according to the 

I breed, and just as any wool combines all three 

I qualities so it is \-aluable. Whether wool which is 

f fine but short is more valuable than that which is 

( stronger but long, depends on the use to which 

( they are to be |>ut. ^'ery fine wool is never, how- 
ever, of great length. St.rong wools grow from 
i one to twenty inches long. Lustrous wools belong 

to the longer and stronger varieties, fine wools are 
: usually devoid of any gloss, but are very much 

softer to the touch, 

; 11. Colour . — With regard to colour, other things 

being equal, wool which is pure white is most 
valuable, but there are some sorts of fine natural 
browns wXich are also much prized. The soil has 
much to do with the colour. Sheep which are fed 
on rich grass lands have pure white wool, but those 
fed on sandy and red-tinged soil become more or 
less yellow, and even after washing the wool is 
not the brilliant wdiite which is seen in wool 
grown in clear pure air on good grass lands. Some 
wools arc brown, black, grey, and even bright 
yellow ; among these last are certain qualities of 
Egyptian and East Indian. These colours are due 
to the nature of the sheep, and are probably 
beyond the power of the farmer to alter. 

12. iX/?‘my.™From what has been said it will 
not be difficult to understand the reason why wool 
can be felted, though the process and the machinery 
for carrying it on will not be described here. 
Felting is no doubt partly due to the w’-avy 
curling nature, of the wool, which inclines it to 
twist .^ound anything it catches, but it is chiefly 


due to the structure of the wool in the cells already 
described, and to the saw-like edges which they 
form. The serrated edges of the fibres fit into each 
Other, and lock fast, under the pressure of heavy 
w^eights used in the process, and thus the piece of 
cloth which was formerly seen to be made of 
separate threads, after felting seems to be one solid 
mass. This process can only be carried on when 
the cloth or wool — for it does not need to be woven 
—is wet, and warm w^ater is more efficacious than 
cold, while the addition of acid greatly facilitates 
it. There does not seem to be any definable limit 
to felting, and to wffiat always accompanies it — 
shrinking. As anyone who uses flannel is aware, 
it continues to become more matted, thicker, and 
smaller in length and breadth every time it is 
’washed. We have seen a piece of worsted cloth, 
with both warp and weft, made entirely of combed 
long English hog wool, shrink after t-wm hours’ 
milling Into one -third of its former dimensions, 
and become like a piece of flannel. The reason 
appears to he that as the fibre is composed of 
countless little dried-up cells made originally of 
soft gelatinous membrane, when these are put into rj 

hot water, the cells partly expand, and become 
soft ; if there is acid in the water, it acts so much 
more quickly on the membrane in softening it. A 
small fraction of the membrane may be entirely 
dissolved, but even where this does not take place 
the cells are made soft. They are then beaten or 
pressed with heavy weights, and so are squeezed, 
or to a certain extent even glued together, and just 
as the fibres in one thread are thus firmly joined, 
so the fibres in different threads are also united. 

It is not, however, merely a question of binding 
them together. They shrink in the process. The 
cells being once softened do not return to their 
former positions when dry again. They seem to 
shrink into each other more than before, and thus 
the fibre becomes thicker and shorter, and the ! 

cloth “ runs up ” to an indefinite extent. In cotton ' 

and linen there is no such shrinkage. It is this i 

shrinking property whereby woollen cloth is made | 

into a compact solid mass that makes it so suitable | 

for clothing, because, being solid, the cold air i 

cannot well penetrate it, and it is also a non- \ 

conductor of heat. Were it a conductor, it would I 

afford no proper covering for sheep or other 
animals, for they have to depend on its non-con- 
ducting nature only, and not on its felting proper- 
ties. These latter appear to be given to it entirely 
for the benefit of man ; certainly they do the sheep 
no good, for if the wool felted on the sheep’s back 
it would become full of dirt, besides being of little 
use to mankind. Ifc may be asked why it does not | 

felt on the sheep’s back. It is often wet, which is i 
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one requisite, and is rubbed and pressed when the 
sheep is lying down. The answer is simple : 
Because all the fibres are lying one way. The 
.serrations, as has been said, always p>oint in the 
direction away from the root oi: the fibre, and thus 
they cannot fit into each other any more than two 
saw-ec]ge.y pointing the same way could interlock, 
or than two fir-concs could stick together if they,, 
both laj'’ in the same direction. But reverse one of 
them, and then try to draw it past the other wTiile 
louching it, and they will at once become fastened 
tcigeilicM'. In like manner, during the various pro- 
ce.'ses of manufacture, the fibres of wool are pulled 
about in every direction, and thus their edges are 
placed with many of the Xioint.s facing each other, 
and ruady to seize hold when the felting operation 
begins. Skin-wool, that is wool taken oif the skin 
of a sheep after it is dead, is said to felt better 
than wool that is shorn. The reason of this is 
^taled by Dr. BowiJian to bo rlmt tlie lime or a(dd 
w hich is used to get tlu^ wool oil ** causes tho.'^eales 
ti) he le.ss {irmly attached to the >haft of the fibre 
aiul t he free margin'^ tosi'and out more prominently, 
and thus im*rea^e llu^ felting ja'i qwerty.” It is thus 
not inen'lv the number of serrations which cau.ses 


wnul t<.i lx* .specially suited for felting, but the 
prominence with which tlH‘ir points project. As 
will be seen, too, later on, this same property is of 
as^i>tanee in spinning, and is one of the reasons 
why tine wool is more easy' to spin than coaiv^e wool 
of greater lengtii. The amount of grea.se and dirt 
which is in the wool while on the sheep s back also 
tends to prevent it from felting, as the serrations 
are inure or less filled up. and tiuis unable to take 
litdd of each other. 

13. imd Mohair.— -It is not within the 

scope of these lessons to give a special account of 
vaiijus kinds of wool, but alpaca and mohair 
require a few vrords of spjecial mention. The 
former is the wool of the Alpaca goat, wiiich is 
really a species of llama, a genus allied to the 
camel and dromedary. Its wool is very bright and 
soft, and in colour is white, brown, and black. 
Mohaii% wiiich comes from the Angora goat, is very 
long and silky, and is the brightc'St and most 
lustrous of ail classes of hair or wool. The best 
and cleanest is wiiite, and comes from the central 
districts of Asia Minor. Brown mohair is growni 
about two hundred miles south of Angora, and is 
much more dusty than the white, wifile Van 
mohair, from Lake Tan, is a lower quality, and 
exceedingly dusty* The mohair goat is also reared 
in the Cape of Good Hope, and large quantities are 
imported from that district. Alpaca inclines to be 
a hair rather than a w'ool, as the scales Me closely 
attached to the centre of the fibre. Mohair, on the 



other hand, is a wool, and has both the curves and 
the projecting point.s uf the scales. The ]Tt ce.*?>es 
of their maiiuiacture are, in ilieir main feauiivs, 
the same as those fur \nful. As alpaca and inolufir 
are both vuliitd for tlieir lasiiv, they nn not felted, 
and though, no doubt, the*y ciuild be ftbef] w'cre it 
neces.sary% lliey art, for many reasons, ini^uitefl to 
the process. 

tVOOL-SOIiTiXU. 

1-1. Ilofjs and lil/.A/v. — It is lica inoagli laenly 
to know the nature and prtq»cnit‘.s ef wcutl, li U 
necessary' to be able tu it. In 

trade there Is euniparadve.y' little in 

this respect. The varieties ei' cuUoii are few, and 
each bale contains. r»r dimihl ctu.iair, uiily one 
quality. But every fitece ui woul cunnuns six or 
eight different qiialirh s. all ui' which be 

separated from each uther if ttn extier divi&ion 
is required, and as the nuiubtu* ui varieties ui 
sheep is really' unliinito'd, the field ripi>n to tlie 
woul-sorier is indeed wale. The pAiit to be 
under>tuud i.- the dliTerei ut* Isriw*'*-,’. ih'„ wuul of 
lambs and one-yetir-uld r*!R*ep, arc! that «f .>!jeep 
of two or more year" uf agu. The furua r ealled 
Hog, or H«>gpib and i> naturally poiuiHl at the 
end, because it ha> r.evt r In-eii cli]-|.ed : tl.** siaple.s 
t«x>, which each group of fibres forms, art* uIm* 
pointed and 1a])er out into long thii! emis, The 
latter is generally called Wtfiher. The fibre ends 
having once been cast art^ never poinieil, and 
the staples have tisick and rougher tips. Hog 
wool is more valuable, loiiger— being geiiCTally 
fourtebn nioiiths’ growth — liner In qualiiy. and pos- 
sesses moreof tiiiir wavy ciirUngiiiiUire winch makes 
it cling to other fibres, thus assist irg the pirocess 
of spanning. On act‘ount of the dillerence in value 
it is necessary to tell at once a hog ilcece from a 
wether. This can be flone in two wiiys—cither by 
examining the staple-ends to see whether tliey are 
pointed or thick*, or if this is iiiicertairn as it 
sometimes is, by pulling n stap)k'* out of tlie fieeee. 
If it be a wether, the staple will come clean out 
without interfering to any extent wiih tie sur- 
rounding staples: but if it be a hog. suine of the 
fibres of the other staples will adhere io the 
bottom of the one being pulled, and thus be 
dragged out after it. Hog wool i> generally 
dirtier and fuller of moss, straw, (*r other vegr-t able 
matter; no doubt, because the lalnb^ are le.^s care- 
ful w’here they go than are older sheep. 

15. Different Qualities tff — ^To give an idea 

of how* the qualities of w'ool vary', the following 
diagram (Tig. 2) lias been }n*epare(L >bowing ap- 
proximately where each quality is to bo found on 
an ordinary English sheep ; Imt it must be observed 
that a wool-sorter accustomed to strong"* coarse 
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English fleeces woiih.l be at a loss how to proceed 
if placed before a pile of South Downs or fine 
Botany wool, because the latter being throughout 
mo much finer, either lias not the same range of 
qualities or is iiiucli more difficult to separate. 

No. 1 is the shoulder, where the wool is long 
and fine ; it grows tlie closest and is most even. 

No. 2 is rather stronger, but otherwise equally 
u'Oi-fd : tlie best and soundest wool grows on 
the.se two parts. No. 3, on the neck, is shorter 
than No. 1, Imt even finer: whqre slieei) are 
liable to have grey wool it is sure to be found 
Iiere, and also on No. 1, which, with No. 5, grows 
wool of inferior staple and faulty character. 

No. 0, which covers the loin and back, is coarser 
and shorter, while on No. 7 the wool is long*, 
strong, ami hangs in large staples. On cross-bred 
.sheep this part becomes very coarse, and is much 
the same as No. 8, which is the coarsest part of 
the wool, and is known as ” breech,’’ or “ britch,” 
and even, when very strong, as '‘cow-tail.” When 
like tins it almost resembles horse-hair, though it is 
more brittle, and not so smooth and bright. No. 9 
is also .stroJig, and miicli tlie same as No. 7. No. 
10 is .^hcuT, tlirty, and Increases in fineness as the 
front legs are aj iproached ; it is known as “ brokes.” 
No, 11 is also short and fine, while No. 12, the front 
of the throat, is short and worn witii rubbing. 
Kemp.s, or dead hairs, Cire mostly found In Nos. 12 
and 8, tiiough in tlie latter they are much longer 
and stronger than in the former. No. 13 is the 
head, on which the wool is very sliort indeed, 
rougli, and coarse. On the legs, No. 14, it is still 
worse, and of very little value. For the idea of 
this diagram I am indebted to the Textile Jlajiu- 
factiiTei\ as also for the following table of qualities. 
It will be seen tlnit the quality of the wool varies 
in the same v.niy as the quality of the mutton. 
The shoulder of mutton is finer in grain and more 
delicate than the leg, and so is the wool ; there is 
more wear and tear, too, for the sheep in its 
haunches than its shouldens, for the weight is 
chielly there wiicn it lies down ; consequently the 
wool is longer and stronger. If the wool about the 
neck were as long as at the tail, the sheep could 
not get througli hedges and briars, and it would 
a].so be weighed down while eating; therefore 
Nature provides that the wool shall be short and 
lino — just enough to keep the animal warm. The 
wool on the back becomes rough and thin, being 
most exposed to the rain, and because it naturally 
divide.s <lown the ridge of the back, it falls over to 
each side. 

IG. Mange of Qualities , — As has been said, the 
range of qualities is not the same in sheep with 
fine v?ool a.s in those of stronger breeds. The 


different breeds may he compared to the key-board 
of a piano : each sheep has its octave of qualities, 
but the octave of the IMeriiio sheep is very high 


while that of the Lincolnshire sheep is very low. 
The table on page 128 shows the range for a number 
of varieties, and illustrates the principle well 
English wools vary so much that it would require 
many tables to show their range. The range which 
oacli sheep has i.s not, however, very great, Lincoln- 
shire wools being suitable for Nos. of yam between 
StTs and 20’s, Yorkshire wool between 44\s and 20’s, 
wliile South Down wools have a range at very 
much higher counts. 

17. haows of Y' ool-sorters, however, 

do not call their qualities by the names of the parts 
of the sheep ; they have names varying in different 
localities. In the woollen trade the following 
names are common for Eng-iish wool picklock, 
which, as the name implies, is the choicest of all ; 
prime, which is very similar; choice, a very little 
stronger ; super, from the shoulders ; seconds, the 
best bits from the breast ; downrights, the strong 
wool of the side, marked No. 2 ; abb, which is 
between these two ; breech, from the part marked 
No. 8 ; and head, from the head In the worsted 
trade these names are not used, the following being 
those generally adopted blue, from the neck; 
fine, from the shoulders; neat, from the middle 
of the sides and back; brown-drawing, from 
the haunches; breech, or britch, from the tail 
and hind legs ; cow-tail, when the breech is very 
strong; and brokes, from the belly and lower 
part of the front legs, which are classed as supen 
middle, and common, according to their quality, 
For finer sorts of wool there are no special 
names, and Botany and similar fleeces are 
sorted according to their numbers or the. counts 
of jBiTi they will spin to, such as 50’s, 70’s, 80's, 
and so on. 



becouie innttoil. Hi.T.ee, ihi.y r*aTHi^4 drawn 
ont without risk of broakiuyf, aiid wit fault tho 
expenditure of greater powu*. But when heat is 
applied, the fibres etxpaial. iiinl hi dtuiig so free 
themselves from eaeli otliia*, and can be drawn out 
with much more ease. 

10. Skin Wfitii . — There is another sort of wool nut 
hitherto mentioned, known as “skin wool.” This 
is wool which is taken off tlie skins (jf sheep that 
have been killed, or have died from disease or otlier 
.causes. It Is not clipped off the skin, as is d< no 
when sheep are shtaui, but the skin is rubbed with 
lime and water, or with acid, and the njots of the 
wool are thus loosened. The wool i'> tluui pulled 
out by the roots, and the skin left entirely 
free. vSometime.s, in the case tff certain breeds of 
one yeat'-olcl sheep, the wool thus ]uiHc<loff adheres 
so much together that it retains tlie form of the 
fleece, and it is then called -‘iliiK'd wool"; but 
usually it breaks up into smaller purtions, and all 
trace of the shape of the lleeee is lo.'-t. It comes 
off full of lime, and the sorter is often covered and 
annoyed wuth dust, wdneh gets into his throat, and 
causes much irritation. To lessen the aiinc-yance, 
sorters* boards are always made of woe -den spars 
with spaces between, or wire gratings, through 
which mucii of the dust falls. But in the|% worst 


once recognised. A thin raggerl line, which 
reprtesents the back of the sheep, divides the fleece 
in twcf, anti by this the sorter separates the two 
halves, placing them on a pile at his side. He is 
furnished with a number of sleeps equal to the 
iiuniber of sorts or qualities he has to make, and 
then spreading half a fleece on the bench before 
him, lie proceeds with .shears to clip off all pieces 
of tar and hard dirt, to pick out straws and other 
vegetable matter, and then separates the fleece into 
its different qualities. A perfect knowdedge of 
these qualities can only be gained by years of 
experience ; but when once acquired, the sorter 
knows as well by his hands as by bis eyes where he 
shall divide the fleece, for it is not merely the 
coarseness or fineness of the fibre which guides 
him, but also the softness and kind ‘‘ handle,” as it 
is called. He is aided, too, by seeing the half- 
fleece stretched out before him. and therefore he 
knows where to expect each quality ; but this is to 
him only a secoudar}^ matter. Some fleeces are 
much more difficult to open than others, and re- 
quire either to be beaten or warmed. Fine 
Australian fleeces, which are packed in bales un- 
washed, and have perhaps 60 per cent, of grease on 
them, become quite hard if left cold, owing to the 
grease and dirt upon them becoming stiff, and they 
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IS. Fnr??i nf the Fleece , — When the wool comes 
into the sorter s hands, each fleece is rolled up into 
a ball l>y itself, and generally tied with a sort of 
rope made out of part of itself, the shoulder being 
often used for this purpose, as it can be twisted 
most conveniently into a cord. If properly wrapped 
up, the fleece slioulu be quite easy to open, and 
wlicn spread on the floor its different parts can be 


can only be opened by being piilli'd to pieces. 
They are therefore wa^’ined, the greasi on them 
softens, the fibres expainl and art rui>ed up, aud 
the fleece opens (piiie easily. It will be s«,»en lni<g 
that wool is easier to work in eertrdn 
wlien hot than when cohh The roe-i-i: that 

when cold, or p^e.^^ed liard tugether. ihi ii]>reslie 
closer, their serrations fir into each uiher and 


COMPAEISOX OF WOOLS OF DIFPEEEXT SOUECES. WITH Til LIE DIAMETL'E. AXD THE 
COEEESPOXBING NUMEEE OF YAEXS. 
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classes of wool tLis is not. eflougb, and-the dust, 
if allowed free course, occasionally causes .biood- 
.poisoBlng,. and the d,eath of: the unfortunate sorter. 


T E C H I C A L , E D U C A T I 0 N : 

IN THE UNITE,D KINGDOM.— II. 

[CcmUtmed from p. 09.} 

By Professoe . W. Ripper, 

TeGliiiiml School, SheJJield. - 

• ELiEMENT'ABy SC,HOOLS. 
Commencing .witb . the . elementary schools, where 
t-he basis of all subsequent teaching is laid, great 
eiforts have been made daring’ the past few years, 
especially by schoor boarcls in the large centres' of 
industry, to introduce a more thorough and system- . 
atic course of science instruction for the upper' 
standard children. For this purpose highly quali- 
fied science teachers have been, engag’ed to visit the 
schools of a district in rotation, and to give 
lectures on subjects of science having some prac- 
tical bearing on the needs of tlie cliild.r€n. In boys’ 
schools the. subject of mechanics or chemistry is 
more commonly cliosen, and in girls’ schools 
domestic economy, each being specific subjects of 
the Code. 

In order to make these subjects interesting and 
real to the children, and at the same time to de- 
velop their intelligence, every opportunity is taken 
to illustrate the lectures by experiments with 
simple but effective apparatus, prepared beforeband 
and carried by the lecturer from school to school. 
This peripatetic system of science teaching, the 
success of which was at first considered somewhat 
doubtful, has proved most effective, and there is 
now no doubt but that this method of instruction 
solves the difficult problem of providing sound 
scientific instruction to large numbers of children 
at a minimum of cost. 

Braming fn Elementary Sclwols , — In the ’report 
of the Royal Commission on Technical Education 
there was nothing more striking than the evident 
importance attached to drawing in the educational 
systems of both France and Belgium, and the very 
thorough and enthusiastic way in which this in- 
struction was carried on from the primary schools 
to the advanced municipal art schools. All this 
was in painful contrast to the drawing instruction 
given in this country. In 1886 drawing was taught 
to not more than one-eighth of the scholars in our 
elementary schools, and the standard of require- 
ments was by no means creditable to a manu- 
facturing nation. Considerable improvement has 
been made since that date. By the pode of 1890 
drawing is now compulsory in boys’ schools, and 


the drawing requirements are modified and rendered 
much more thorough and serviceable as a course of 
instruction. 

Manual Training in Mlementary Schools. — The 
main object of manual instruction is educational, 
to cultivate a practical intelligence, and to develop 
the hand, the eye, and the brain concurrently, so 
that the boy may go forth into life with some 
power and desire to make himself useful as well as 
with a quickened intelligence. 

“The essence of manual training lies in the 
practice, and not in the production ; in the doing, 
not in the thing done; and any exercise is valuable 
only in proportion to the demand it makes upon the 
mind for intelligent thoughtful work.” 

It is universally admitted that wood is the most 
suitable material for the purpose, and in conse- 
quence manual training has assumed the form chiefly 
of exercises in wood- working. The course of in- 
struction to be adopted has been the subject of 
much discussion. The oldest and best known 
course, and one which has been reduced to an elab- 
orate system, is that of Swe .ish slojd ; but courses 
on the whole more suitable for English elementary 
schools are being conducted at various centres, 
as London, Liverpool, Sheffield, Edinburgh, and 
Aberdeen, with much success. 

Higher Elementafnj Schools. — The schools included 
under this title are chiefly those erected by school 
boards. They are exceptionally well fitted up with 
chemical laboratories, physical apparatus, manual- 
training room, etc ; and taught by superior teachers. 

The subjects taught ai'e usually those of the 
Science and Art Department as laid down for 
organised science schools. Girls are taught, in 
addition to ordinary school subjects, cookery and 
domestic economy. 

The schools of science and art and the classes 
connected with the City and Guilds of London 
Institute, for the most part carried on in the even- 
ing, have already been referred to, we shall there- 
fore next consider the work of technical schools. 

TECHNICAL SCHOOLS. 

As a typical example of an English provincial 
technical school may be mentioned the Merchant 
Venturers’ School at Bristol. 

The erection of the new buildings and the pur- 
chase of fittings and apparatus involved an outlay 
of £46,000. For this sum, says the head master, 
writing to the Mecord (the journal of the 
National Association for Promoting Technical and 
Secondary Education), “buildings have been pro- 
vided which in themselves constitute an object 
lesson in construction. The school contains a great 
hall for pop-rilar lectures, examinations, etc., to 
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accomTnoda.te 900 students; nine ordinary class- 
rooms, a large chemical lecture theatre for lOS 
students, a smaller chemical theatre, a phj^'sical 
lecture tlieatre for lOS, an engineering lecture room 
for 51), an engineering-drawing room for 48, two 
chemical laboratories for 50 at a time, a balance 
room, combustion room, gas anah’sis room, physical, 
metallurgical, and biological laboratories, boot and 
shoe workshop, metal workshop, carpenters’ work- 
shop, forge, plumbers’ workshop, two art-rooms, 
dressmaking and millinery room, library, engine- 
house, etc. Each department is fitted out with the 
latest appliances for teaching and practical work.” 

D<jj}arrmenU.—‘l'heve are tiiree distinct branches 
of the institution : (a) the boys’ school, (fi) the 
upper technical school, (c) the evening school. 

{a) The boys’ school is for boys from 12 to 16 
years of age, and it is divided into a com- 
mercial side and an applied science side. 
Fees from £5 to £r> 10s. per year. 

{b) The upper technical scliooHs for day .students 
over 15 year> of age, and is divided into the 
following .^eot lulls ; mechanical engineering, 
electrical engineering, chemical and inetal- 
hirgical, applied firt, and building trades. 
The inclusive fee is £10 10s. a year, 

(c) The evening school is intended mainly for 
artisan and connuercial students. The list 
of subjects is a very largo one, and covers 
science, art, technology, and commercial 
subjects. 

The annual cost of the school to the Society of 
rilcrchnut Venturers is about £1,900. 

In addition to the schools of the type described 
above, there are schools providing courses similar 
in all respects to that given at the Bristol Merchant 
\’’eni urers’ School, but to wiiich is added one or more 
departments specially erpiipped to meet the needs 
of a leading local industry. 

As an example of this typo may be mentioned 
the Sheffield Teclinical School, in which extensive 
provision is made for the study of the metallurgy 
of steel. 

The work of this institution is divided into three 
departments;— 

1. The Junior Day Department. 

2. Tiie Senior Day Department. 

3. Tlie E^'ening Department. 

The Junior department is an “ organised science 
school” of the Science and Art Department for 
boys from 13 to 15 years of age. The senior 
department provides advanced courses of instruc- 
tion for students of 15 years of age and up>wards, 
who have already been through the Junior depart- 
ment, or who Im^'c received an equivalent education 
elsewhere. 


The special courses of ,-.tudy iDclude— 

(a) The metallurgy of steel and inm, 

(J/) Mechanical, mining, and electrical engin- 
eering. 

The course of instruction extends over three 
years in eitluT of these briinches. and the fees 
range from 10 to 18 guineas per year. Tl.e training 
given in this institution combines ihuoretical in- 
struction with workfiiiop and laboratury Inst ruetioii 
of a very practical kind. 

The two departments of metallurgy and engineer- 
ing taken together constitute a nicst complete ar- 
rangement : first, for tin* manufacture vu" the various 
grades and qualities of iron and steel, and secondly, 
for the thorough testing and working of the mate- 
rials which are passed on from the htniidrics to 
the machine shops. 

Other institutions of a similar kind , where , a 
specialty is made of instruction bearing directly 
upon the local industries are to, be foo,nd. at 
Huddersfield, .B,radford, Manclie.ster, .Leeds, and 
elsewhere. 

Huddersfield being one of the Cimtres of ilie 
woollen industry, a specialty is nuule of the textile 
department, wluuv practiciil and theoretiiuil in- 
struction is given in weaving and pa Uern design- 
ing, , cotton spliining, cloth maniifacturo, and 
dyeing. 

At the Bradford Technical College the weaving 
department is well equipped witli hand and power 
looms, chieiiy for the wool and worsted trade. 
There are also important eliemicfil and dyeing 
.laboratories in whicli valuabkf original research 
w'ork of a. technical character is carried on by 
advanced students. 

Fimhimf Teekuleal Tills Institution was 

established and is carried on liy the City and 
Guilds of London Institute. TTie work of tlie 
college includes— 

(1) A day school for atudcnls wdio are taking 
courses of technical instruction for one, tw’o, 
or three years. 

. (2) Evening classes for artisans, apprentices, and 
others. 

There are five departments in the day scliool, 
including mechanical, electrical, chemical, building 
trades, and applied art de|)arlments. 

The institution is worked entirely inde])ende'iitly 
of the Science and Art Department, and is exceed- 
ingly 'well equipped with experimental appliances, 
especially for electrical work. The work of each, 
of the above departments is open for evening 
students, and the classes have a crowded attend- 
ance. Beside the ordinary class work, a feature is 
made of providing short courses of lectures on 
special technical subjects. ^ 
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.'.In Scotland, teclmical . colleges,' of , a similar 
-character inclnde the Glasgow and West of Scot- 
land Toeiinical College ; Heriot-Watt College, 
’Edinburgh; Technical Institute, Dundee; and 
Gdrdoids College, Aberdeen., 

■'The City mid Guilds (if Zmdoff Cent 

institution was founded by the City and 
Guilds of London, and opened in 1885 as a tech- 
nical university witii the principal object of training 
technical teachers, and also for the technical 
'education and training of those who are preparing 
themselves to take leading positions in important 
branches of nianiifacture. It is believed that this 
institution will provide similar advantages for 
higher technical training to those offered in the 
famous technical universities on the Continent. 
The total cost, including fftting, machinery, and 
apparatus, has been £135,000. The departments of 
instruction include (1) Engineering, (2) Applied 
Physics, (3) Mathematics, (4) Industrial Chemis- 
try; and they are superintended by professors of 
the highest reputation in their respective branches 
of study. The fee for the complete course of 
instruction is £30 per annum. There are several 
-entrance scholarships tenable for either two or 
three years. The building and its equipment is in 
overy respect worthy of its high position as the 
leading technical institution of the country. In 
tlie engineering department the equipment in- 
cludes a line compound experimental engine 
and boilers, a 100-ton testing machine, besides 
a number of other machines and appliances 
for workshop instruction and experimental re- 
search. 

The physical laboratories are elaborately fitted 
up with appliances for instruction in the technical 
■applications of electricity and for carrying on 
various kinds of research work. 

UNIVEHSITr COLLEGES. 

In addition to the practical science departments 
attached to the older universities, the University 
Colleges have been doing an excellent work, though 
not primarily of a technical character. The chief 
aim of these colleges is to provide for the higher 
education of localities which .shall roach, as far as 
possible, university standards. The curriculum, 
however, has necessarily included scientific instruc- 
tion, and of late years most colleges have gone so 
lar as to provide, not only for the practical study of 
chemistry and physics in well-equipped laboratories, 
but they have added departments of mechanical 
and electrical engineering with suitable workshop 
and laboratory appliances. 

The principal University Colleges are (1) Owen’s , 
Colle^, Manchester ; Yorkshire College, Leeds ; 


University College, Liverpool, which together make 
up Yictoria University. (2) University College 
and King’s College, London. (3) University College, 
Nottingham ; University College, Bristol ; Durham 
College of Science, Newcastle-on-Tyne ; Mason 
College, Birmingham ; Firth College, Sheffield. 
(4) The University Colleges of Aberystwyth, Bangor, 
and Cardiff ; and in Scotland (5) University College, 
Dundee. 

As atypical example, we may describe in detail a 
course of instruction as provided at the Yorkshire 
College, Leeds. This college provides a course of 
higher education in preparation for the variou.s 
degrees of Victoria University. The principal 
technical subjects of the college include civil and 
mechanical engineering, coal mining, textile in- 
dustries, dyeing, as well as modern languages, 
art, and shorthand. These subjects are in addi- 
tion to the usual courses of mathematics, physics, 
chemistry, classics, and literature. The courses 
of instruction in engineering extend over three 
years, and comprise lectures on engineering 
principles and practice, instruction in technical 
drawing, demonstrations and practice in the 
engineering laboratory, and visits to engineering 
works. 

The work of the classes, it is said, is not intended 
in any way to supersede the usual requirements of 
pupilage or apprenticeship in engineering, but to 
enable the learner to gain such a knowledge of the 
principles of his profession or trade as he cannot 
acquire by simply working in the office, in the 
field, or in the •workshop. The engineering labora- 
tory is furnished with a great variety of appliances 
for experimental work, including a 100-ton testing 
machine,- and an experimental engine and boiler, 
besides a good equipment of workshop machine 
tools. 

The textile industries of this college are endowed 
by the Clothworkers’ Company of the City of 
London, and the course includes lectures and in- 
structions and practical weaving on small hand- 
looms. 

Each student is furnished with a small hand- 
loom, on which he makes experiments, and weaves 
the designs furnished in the lectures. Experiments 
are also made in simple and complex pattern 
composition. 

The cloth finishing room of the department is 
fully equipped with modern machinery. The dye- 
ing department is also endowed by the Cloth- 
workers’ Company, and is said to foe the best 
equipped in England : the course extends over 
three years, and includes lecture and laboratory 
wmrk with practical work in the dyehouse and in 
the printing department. 
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THE WOEE OF THE COEHTY COUNCILS. 

After the passing of the Local Taxation Act the 
county and borough councils suddenly found 
theniselvcs in possession of a large sum of money, 
^ith the power to spend it on behalf of tech- 
nical education in their respective districts. 

Althougli the siib;ect was such a new one, much 
steady pro^rress was soon made, and local aiithoii- 
ties, while 'showing a natural amount of caution in 
expending the large fumls at their disposal, have 
shown praiseworthy anxiety to can*y the advant- 
ages of technical instruction not only to the large 
towns but to the villages and remote country 
districts. . , 

As a typical example of the work of the county 
councils we may refer to the report of the Oxford- 
9 Jnre Committee. The report begins by considering 
the industrial position and needs of the county and 
the wav in which it may be divided into district s, 
and it was decided to take as the unit the county 
council electoral divisioii.s, or some multiple of 
those divisions, except iti tin? case of tlie larger 
munici|)al boroughs. It wa.s further decided to 
group the divisions of the county into eight 
districts, each with a district committee giving a 
general superintendcjnce to the work <-arried out in 
that area; the organising secretary of the county 
to be ex-oflieio member of each district com- 
mittee. The work of the district committees is to 
ascertain the w’ants of tlie various sections of the 
population, to stimulate public interest, to sectire 
rooms and local assistance, and generally to pro- 
mote the formation of classes in their district, the 
efficient working of scholarship schemes, and the 
tlistribiition of ginnts of money. 

After a careful inquiry as to the nature of the 
local industries of the county and of the existing 
means of providing instruction, a scheme was 
drawn up to include (1) agriculture, both element- 
ary and higher instruction, dairy-work, farriery, 
poultry keeping, allotment gardening, bee keeping, 
.^heep 'shearing, thatching, and fruit-gi'owiiig ; (2) 
secondary and technical schools ; (8) scholarships ; 
(4) cookery and domestic sciences; (5) science 
and art classes and manual instruction. 

Af/rirndture — Elementary Classes . — The aim is to 
arrange that such instruction shall be as widely 
spread as possible, so as to reach the out-of-the- 
way villages as well as market towns and centres 
of population. A scheme is at work for the train- 
ing of a limited number of elementary teachers at 
Oxford as a centre, where they may attend during 
the Slimmer vacation a three weeks’ course of 
instruction. Those teachers who make satisfactor}’ 
progress to be encouraged by payment of fee.« and 
travelling expenses to continue their training. 


IlighcT AgneuUuml following 

arrangements ai’C pu’oposcd Ihe estublish- 

ment of agricultural sides in connection with rural 
secondary'schools, and of sehoIar.shii)s leading up. 
to such schools from the clementarj schools;' {h), 
the piwision of evc.ming lectures uii agricultural 
sciences from various centres in the county which 
should be of value to farmers, to r,ons of labourers, 
and others who have, passed through the elemeiitary 
acTicnltiiral classes in the village evening s(?hooI. 

^ Dairy Worh—lx is proposed that eveiiiiially a 
central dairy school should be establL-iied, probably 
bv grouping several coiniiies ti^gethcr ior tiie pur- 
pose. Ill 'the meantime it i-- proposed to establish 
(ff) a traveliing sclioci for bulter and soft cheese- 
making; {h) single lectures or demoristratioms on 
butter-making in tie vdlane'^ ■ (c) schmaivhips to 
cheese school at Bath and West of England 
Society or British Dairy Farmers’ Institute at 
■ Aylesbury. 

Other Dranclies if JyrieeJth’rdi I/hstrueiion.— 
The chief difficulties in presiding iiLstruction in 
these subjects arc (1) to secina* a competent 
teacher; (2) to secure a large enmmh class in a 
count rv village to make it worth waia* to pay a 
lecturer. It is intended to wake a limited experi- 
ment in the way fjf lcctvin‘s on farii^uy. The 
FarrkiV Crmqtany offc*r lo provide competent 
lecturers. "With regard to In e-keeping, t he. Oxford- 
shire Bee-keepers' Assodatiuii liave etHleavonrod for 
some years to promote bee-keeping by means of 
travelling experts, lectures, etc. 

Sceondary and Teidaiical Sehools in the Coioiiy. 

'If is considered that ultimately there .shmild be* 
at least one first-rate secondary school within each 
^ of the eight acl mini. strut I vo dlslricts, accessible to 
boys of tile labouring class by means of scholar- 
ships, At present it is pro|)o.sed to aid existing' 
schools by giving grants for fitting up laboratorie.s 
and workshops, and supplying apparatus, models, 
etc., and also to pay visiting science teachers. 

County SclioIarshijA^. — Sclu^ar'^hips are oiTcrea' 
to scholars in elementary schools to enable them to 
continue their education in secondary schools ; the 
scholarship to cover tlie fees, tra%'elUng expenses,, 
and also to pirovide something towards the main- 
tenance of scholars. For this the count) 

proposes to offer twenty-five? schohir.'-hips each )ear 
tenable for two years, of the annual value of not 
'■ more than £20, I' ■ 

It is also recommended to give a few exhibitions 
of £G0 a year for two or three yivars. tenable at 
some place of higher teohni<‘al and agricultural 
education, such as the Agricrdtural Colleges at 
Cirencester or Downton, or the Finsbury Technical 
Oollego, or at the IJniver.^ity of Oxford. 
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. Scliolarslilps are also offered, for the payment of 
fares for' indastriai students, to '■ attend , eYening 
-Glasses in science and art schools. ' ' . 

^ Cooltcry and Doinedic Sciences . — It has been 
found that a great demand exists for such instruc- 
tion, including laundry work, nursing, etc. It is 
therefore proposed to appoint travelling teachers 
to visit the various country districts applying for 
I .such instruction. 

Science and Ari; Classes . — It is intended to aid 
■these classes r.\y giving grants for furnishing ad- 
ditional models and apparatus, for building new 
laboratories for science teaching, and by paying 
capitation grants on attendance. 

It may be well to contrast this scheme of an 
.■'agricultural district like Oxford with the proposals 
of the Lancashire County Councils, where a large 
number of educational agencies already exist in 
the centimes of manufacture. Grants for technical 
: instruction are offered as follows : — 

J {a) To classes associated with the Science and 

: Art Department and City and Guilds of London 

Institute ; grants to depend to a great extent on 
the number of students, and the result of the 
\ .examinations. 

I (/j>) To classes for teaching domestic sciences to 

women. 

(p) Por University extension lectures on subjects 
^ covered by tlic Technical Instruction Acts, 

f (d) To technical schools in county boroughs. 

;■ (e) To found travelling scholarships to assist 

i .attendance at technical schools at a distance. 

I (/) To found scholarships at the Liverpool and 

1 .Manchester Colleges. 

I (p) To central institutions for the purpose of 

i -educating teachers. 

t That a sum be set aside to provide twenty scbolar- 

I ships not exceeding £60 each to be tenable for a 

• term hot exceeding three years at some approved 

I . institution. ^ 

f That a further sum be set apart for provid- 

j ing eighty exhibitions of £15 each, tenable for 

‘One year at some approved institution, to be 
i divided among students who show proficiency 

I in science, art, commercial, or agricultural sub- 

I ..Jects, ■■ , 

I .From the foregoing brief description it will be 

evident that a great awakening has taken place in 
regard to the Technical Education of the country, 
and the efforts which are now being put forth 
^ throughout the kingdom under the new powers 

: conferred upon county and borough councils are 

I bringing about quietly but surely a complete re- 

volution in the edncational condition of the people, 
from the agricultural labourer to the leaders of our 
mamffacturing industries. 


PLUM'BI N G.— XII. 

By a Practical Pluiiber. 

(Continued Jrovi p. 73.) 

WIPED JOINT MAKl’SHG (continued). 

Malting Underhand Joints (Figs. 31, 32). — Whilst 
you have been preparing your joint, your “mate” 
should have been getting the metal hot and your 
“ kit ” in readiness, so that anything required may 
be handed to you without delay. When the metal 
is brought you, dip out a small ladleful, and hold- 
ing a cloth underneath, nearly touching the joint, 
so that the heat from the metal may be imparted 



Fig. 32. 


to the bottom of the pipe, pour a small dribble of 
metal on the joint ; the shaved parts should be 
tinned, which is done by rubbing the solder cloth 
round a time or two with the hot metal in it. 

Work the solder as you keep pouring from the 

outsides of the joint towards the centre, and when 

the pipes are well warm and the solder in plastic 

and easily-moulded state, wipe round the joint, 

holding the cloth in a hollow shape, similar to that 

of a good joint. A good plan to teach beginners 

the way to hold the cloth in wiping round an 

underhand joint is to give them a made joint to, as 

it were, pretend to wipe round— it gets their hand 

into shape better than you can tell them. The 

pipes should be kept well hot where the shaving 

line ends, or the solder will be rough here ; this is 

done by pouring on to the soiled parts. A joint 

when finished should be symmetrical, not bulgy in 

one place and squatty in another and full of dents 

and lumps like a potato ; but this desideratum is | 

not reached without considerable practice, and j 

burnt lingers must not be taken into consideration. 

In using an iron for making the joint, either pour ; 

or splash on a sufficiency of solder, and then warm 
it well all over, and wipe as before. All the opera- 
tions in wiping should be done as quickly as 
possible. The saying, “ The man who hesitates is 
lost,” certainly applies to wiping joints, for there 
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must be no hesitation about that, though at the 
same time there is no necessity to lose one’s head 
over it, as I have seen some do. Never spend a lot 
of time ladleful after ladlefui of solder 

<j>ver a joint, it is waste of time and material, and 
defeats the object aimed at, viz., a good sound 
joint, for it causes the heat to extend farther 
along the pipes than is necessary, so that they 
take longer to cool down, and the joint has a 
tendency to become i>orous by reason of the tin 
running to the lower jia rt of the Joint “ Uj)- 
right Joint Making”). On small pipes two ladle- 
fuls of solder sliould bo enough, one to get up the 
beat and the second to form the joint. 

Moulded Phimherd years ago an 

affair %vas bronght out, and I believe patented, for 
making plumbers' joints without wiping. It %vas a 
kind of large anould something like a bullet-mould, 
only open each side to allow the pipes to pass 
through ir. 'i'luw were made in Tarious sizes, and 
ilie moduis opemndi wms as follows: the pipes, 
after usual jsreparation (except soiling), were 
gri])perl in the mould, which opened like a pair of 
totigs to receive them, ami the solder was then 
potjred i!i a hole at the top. But it did not ffnd 
much favour with the plumljers ; it certainly made 
some sf^rt of a joint, but there was no dependence 
on the soundness of it, and unless care was taken 
in regulating the heat of the metal, a solid joint was 
uceashmally the result. 

rprl^lit Johit Maldu((f '. — In making upright joints 
it is necessary, after titting the joint as described, 
^ collar to catch the 
smolder that droj3s -when splash- 
/ / \ ■Fie-'SS shows the 

/ j , ' \ pidtern ^ for ^ cutting these; ■ 
1 of them, should be 

-sizes . to suit the 

X \ y various pipes— they are much 

handier than the miserable 
2*3 makeshifts many jilunibers 

use. To make them, take a 
J5iece of lead, strike out a circle of sufficient .size 
to allow ?» or 4 inche.s all round the pipe you arc 
jointing— thus for a M-inch pipe the collar should 
be 9 or 10 inches across ; the inner circle should be 
marked a little larger than the jupc. A cut should 
then be made from the outside to the inner circle 
and the inner circle cut out ; it can then be put on 
the ’'pipe and the ends lapped over one another ; it 
can be siij^portcd by tying a piece of rope round 
just underneath it. These collars must be well 
soiled xill over to prevent the solder adhering. 
They should be made and fixed so as to be nearly 
fiat, as the collected solder can be more easily re- 
moved. These collars serve a twofold j)urx>ose — they 


keep the solder from falling to the groiiiitl andaLi# 
keep the pipes warm. All tins having been pro- 
iperly clone, commence making the joint by splash- 
ing on t lie Milder (some plninbersr. 

* B^E ^***^^^” 

J I I comes play : take it 

‘jr’ " , ik'om T.u:r mrd'e (wlm* sliould have 

i l retidine^s, well cleaned from 

I scale and dirt), rub well over the 

il ' srdder, form it into shape %vith the 

' li^P ^ ejotb. draw’ the iron round the 
Pj,, upf*er edge at tlie back, and wipe. 

Next perform tiie same opieration 
at the bottom edge, then change hand.s and proceed 
in a similar mai]m*r tiJ wijie the front part, and 
ihe joint is completed. Ihmiove the cadlec'-ted 
> - solder frf«H cfdlar and xuit 
back into the metal pot. 


» j|Hi because the hot solder falling 

p i round the lower pipe keex')3 that 

« Wi lp j warm, and the other reason is that 
solder is coarser at the top of 
w I bottom owing 

:l to the tin having. a tendemey to 
Tl<^ 3“ bottom of the mass of 

solder through its greater fluidity, 
and therefore the bottom part takes longer to 
cool. 

Mmnch Joinh (Figs. rmtl Bure a hole io 
the main pix)e somewhat smaller than the pipe 
rliat is to branch into it, and with a tool called a 
“tommy,” or bolt, work up the edges of the* 
hole as shown at Fig. b>I A B. This innsl not be 
done by leverage— l.e. by pressing one end on the 
bottom of the pipe and pulling up the “ tommy,'’ 
but by using a hammer. Careless woi’kmen 
will sometimes simply bore the Imie nearly the 
full size of the pipe, and tlien rasp down the 
entering pipe to allow it to slip in a little tvay, and 
then make the joint ; the difference betweeiC the 



flow of any liquid through it in proportion to the 
amount it projected through. Thus if Fig. 37 was 
part of a waste pipe from a bath or housemaid’s 
sink, it would catch any particles of hair or rag, 
and in time a stoppage would be the result. 

Sliaviiif/ ami Soiling . — This can be seen at Fig. 
34, and should be neatly and cleanly done. {N,B . — 


two modes is easily seen by comparing Fig. 36 and 
Fig.: 37, which show section of branch joint pro- 
perly amd badly fitted. In Fig. 36 there is a clear 


pipe. Use the utmost care to get a perfectly tight 
fit all round, or in making the joint the solder might 
run inside and form icicle-shaped obstructions, 
which would certainly soon cause a stoppage in 
the pipe, and call down anything but blessings on 
the head of the workman (?) who caused it. In 


way or passage along the' pipe ' M, no obstruction of ' 
any kind, \vhile in Fig. 37 the branch pipe pro- 
jecting through as shown at E B would retard the 


wiping branch joints keep the catchboards as close 
to the work as possible, that the falling solder may 
keep the pipes warm: it is an advantage also to 
stop up the ends of pipes whilst soldering to pre- 
vent the cold air passing through. 

Mange :Fig. 39 shows a sectional view of 

the joint known by this term. It is usually em- 
ployed for small pipes, and is made when passing 


’ays ** touch ' the shaved parrs oi lead pipe, etc., 
as soon as shaved, or they will tarnish rapidly, and 
the solder will not take nicely.) The wiping, etc., 
is the same as previously described for underhand 
joints, except that a sraaller-sized cloth is generally 
used. 

Soil Pqm Branches . — These branches should 
always enter the main pipe at an angle pointing in 
the direction of the flow of the main pipe. 

To fit these, cut the male pipe across to the angle 
required, then lay it on the pipe that is to be 
branched into and scribe round it ; the mark will 
bo in shape like A B c D, Fig. 38. Bore two holes 
E E, and cut it along the dotted lines, then dummy 
upthew5ide of the hole thus formed to fit the branch 


Fig. :^9. FiS. 40. 

through a floor, working upwards. The pipe is 
left up about an inch through the floor and a 
lead collar slipped over it; the pipe is then 
flanged back upon the collar (of course after 
shaving collar and pipe), and the wiping is an 
easy matter. Oare should be taken in tafting the 
pipe back not to get it to a sharp angles as it 
weakens the pipe and renders it liable to break at 
the edge of the tafting, 

Taft Joint (Fig. 40).-“This is the simplest form 
of wiped joint that the plumber has to make, in 
fact it is much despised by some, and looked upon 
as derogatory to a plumber to make one. Whilst 


PLUMBING. 
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some plumbers sliave and tin it fesi, and also liie 
end of the upper pipt?, and it is certaiiih a i laii to 
be , ivcommcii k d. The lower pi]4‘ is tlien tafted 
out as shown in sktudi, so a?- to alhov the sukkr 
to run unrlerneatli the taffiii '4 as will as cm top, 
thus givin;? a dotible uripftjr tlif‘sol,lor,aiid 
a Tory strong ami llriu "joitit. In wiping ulMok 
joints let the solder be nici' and hot, so a.^ ensure 
it taking at the back x<irt of the joint. 'Wherever 
a joint eomc.s in an awkvrard pod! ion, as regards 
brickwork being hi the way, it inasi be cut away. 
Never stand for a foot or two uf madonna that eon 
easily be iiiatle gootl. Id’ C'airse I do not 
that on the least little ditlicuhy as r. gards spaee 
etc., that brickwork ur wot >d,wo}*k should bere.h' 
lessly cut away, but simply where it seems im- 
possible to make a good jo!) wiiheiit it. iheu tlte 
coBTenlonce of the ptUimbcr niiist be studied. 

Joifits ttfhtr than StMemi . — The pliiiaber has 
frequently to make joints in eonneutiiig pipes finite 
diilerently from tl.iOse iliat 
have been descrilied. 

These J think will not be‘ | 

out. of 
her 


fidmitting that it is not a very elegant-looking 
joint and not so strong as a band joint, yet I 
cminot join in its utter condemnation, and inaintaiii 
that when well made it is a serviceable and reliable 
joint. It is simply made : the edge of the lower 
pipe is thrown! back witli the turnpin to form a 
ridge fur the solder to rest on, and tiie upper pipe 
should enter quite half an inch. The wiping calls 
for no remark. 

Orertmtiii:/ Jomts.—'Shis practice does not obtain 
to a very great extent in the present day, at any 


The Piiitij er Jkd Lead ^ I 1 1^^ 

This is used in j 1 « I ^ 

connecting the service , /I I 

pipe from the water sup- ! ^ iI- m 

xViy to the closet pan. 

There is a nozzle prc»Ject- m 

ing from the closet basin HHil' a 

or pan, into which this ' m] 

pipe fits, and it has to be . 

made tight and sound as M: 

it has to resist a pressure 
varying according to the p^ferr<fln 

height o! the siip]iy. ^ 

The entering pipe should *v 

be quite round and free 
from rough ' edges, anti , ^ pig^ ,^ 3 ^ 

both it and the inside of 

the nozzle should be painted; if this is done a 
few hours before using it will be all the better; 
the object of doing this is to afford a key or 
grip for the cement or putty. Most plumbers use 
only putty for making this connection, the only 
advantage this has is that it is cheaj)er and that it 
is easier to remove should the pipe ever require to 
be taken out. A cement made by mixing white 
and red lead in the pro])ortions of tw'oof white and 
one of red (by weight) wall be found superior to 
putty. The lead pipe shoxild enter the closet arm 
about l.| inch, a portion of cement is tlien squeezed 
in betw'een the pipe and the nozzle, and also 
formed round it in somewhat the same shape^as a 


Fig. 42.- 

shown at Fig. 41. Specimens of tliis kind of work 
may frequently be found in pulling out old 
plumbing work, some neatly done, some quite the 
reverse. 

Block Joints.— TlieBQ wee somewhat similar to the 
flange Joints but .stronger, and are used for connect- 
ing soil pipe when fixed internally in a chase in a 
wall. A block of wood is hollowed out as shown 
in .section at Fig. 42. A lead flange is cut about 
5 or 6 inches larger in diameter than the pipe, 
a hole is cut in it the size of the pipe, and then it 
is worked to the hollow of the block and shaved ; 
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\Ylx:)ed joint. A piece of canvas two or three inches 
wide, painted both sides with some thick red lead 
paint, is then wound round and round like a 
^bandage, and lasth* tins is wound round with line 
ta? cord and faotcned tightly and painted again. 
If possible no water should be let through for 24 
hours, blit this cannot always bo, of course especi- 
alty in re}jairing jobs. Care should be taken that 
the nozzle of the closet pan does not 
bear any of the weight of the lead 
pipe. Several patent connections . 
have' been invented to do away with 
this method, and will be spoken of in 
Their place. ' . 

Lead' CrnMei^ — .Fig. '43 

shows a section of this kind of joint. 
It is used for connecting cast-iron 
gas and water mains, and should, 
always be the form of joint when 
iron pipes are used for soil pipes. A 
is termed the socket end and B the 
si-tgot end ; a couple of rings of 
gasket, or gaskin as some call it, is 
lirst caulked into the joint, it is then 
filled witii molten lead, and when cold 
caulked tight with a caulking chisel 
(Fig. 4-4). ^YIlen these pipes lie in a 
hrjrizontal direction, after caulking in 
the gasket a tillet of clay must be put 

! r round the pipe with a small hole at the top for pour- 

ing in the lead. Joints in .socket pipe are also made 
with yarn and red lead cement only ; this method, 
j' however, is not suitable for joints in soil pipe, and 

sh.ould never be adopted. It is the usual method 
; ■ of connecting hot-water pipes. The way to make 

the joint is to ram tightly a single length of gasket 
' first, then a ring of the red lead cement before men- 

tioned, then a double ring of gasket, another layer 
of cement, then another double ring of gasket— if the 
depth of the socket will admit of it, if not, a single 
ring— and face up with cement. These pipes are 
; also sometimes connected with india-rubber rings 

in place of the packing just described : this is a 
very quick method of jointing, but it is not equal in 
1 my opinion to the gasket and red lead joint for 

t durability. 

jI Flange Joints. — Another form of connecting 

‘ wrought- or east-iron pipes is by means of flanges, 

; which have three or more holes drilled in each ; 

I an india-rubber washer is usually the packing em- 

' ployed to make the joint sound, and the flanges are 

bolted together, forming a very secure and sound 
joint. Instead of rubber a plaited grummet of tar 
cord may be employed. In screwing up flange 
joints of any kind, always screw the nuts equally 
all r<?!ind, not one fight first and then another. 
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IKON AND STEEL 

The several grades of fotmdry pig-iron also present 
well known characteristic, s when in the molten 
state. The fluidity of the molten metal decreases 
as the gi'ade number rises: thus molten No. 1 
pig-iron appears in the founders ladle to be dark 
and sluggish, giving ofl: neither sparks nor splashes 
as it is poured into the moulds ; No. 2 presents a 
brighter red appearance, pours from the ladle in 
large sheets, splashes a little, and exhibits an 
ever varying kind of figured appearance as the 
metal cools in the ladle. In No. 3 the surface 
figuring of the molten metal is much less distinct, 
and it throws out sparks rather abundantly during 
the period of pouring. The scum or which 
rises to the surface and separates most largely 
in No. 1 and less abundantly in No. 2 iron, occurs 
much more sparsely in No. 3. No. 4, which is the 
hardest number usually employed by the founder, 
tlirows out showers of sparks during pouring, and 
the surface of the molten metal as it stands in 
the ladle always appears hotter than do the pre- 
viously described lower numbers. 

The mechanical and certain physical changes 
produced upon pig-iron by varying proportions of 
carbon, in either the graphitic or the combined form, 
have already been noticed ; but other elements be- 
sides carbon are constantly present in pig-iron, and 
these also modify its character and limit -its appli- 
cations to the various purposes of the arts: thus 
silicon, derived from the reduction of silica in the 
blast furnace, is present in almost all pig-irons in 
amounts varying in ordinary pigs from OT pjor 
cent, to 5 per cent. It is usually stated to exist, in 
soft grey iron (as smelted vs^ith hot blast from re- 
fractory ores), both in the combined and the 
graphitic condition ; but the mechanical separation 
of graphitic silicon from pig-iron has not yet been 
effected, and the evidence of its existence as such 
is alike unsatisfactory and imperfect. Owing to the 
comparatively low working* temperature of char- 
coal furnaces the pig-iron produced therein contains 
smaller proportions of silicon than occurs when coke 
is employed as the fuel : the quantity of silicon is 
further always increased when free siUea, siliceous 
ores, or iron sands are charged into the furnace, with 
an insufficiency of lime to combine with the excess 
of silica ; a siliceous pig is also produced when a 
light 'b^mlen—t'hdft is, a large proportion of fuel tc 
ore — is charged into the furnace ; for this reason 
on first blowing in a furnace, a highly siliceous 
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iron, known as glazed or blazed pig-iron, Is often 
produced. 

Silicon is very necessary in hsematite pig-iron in- 
tended for use in the acid Bessemer process ; but its 
presence in large quantity diminlslies the strength 
of the pig-iron for foundry purposes, although its 
presence increases the flaiditj of the molten metal, 
and so is permissible in the pig for the manufac- 
ture of fine castings not requiring great strength. 
In pig-iron for puddling, the presence of silicon 
diminishes the yield of iron and increases the loss 
by waste. An excess - of ' silicon renders : pig- 
iron weak and inferior, although in proportions up to 
about- 1*5 per cent, it increases the strength and 
also the softness with which the metalworks under 
cutt ing tools : the latter quality probably arisingfrom 
an increase in the graphitic and a decrease in the 
combined carbon, which generally attends the intro- 
duction of silicon into the png-iron, or the mixture 
of a siliceous iron with a pig comparatively low in 
silicon. Thus, for foundry purposes, a pig-iron 
containing mnclx coml)ine<l carbon, but low in 
silioi'in, sulphur, plmsphonis, and manganese, may 
be impruvial by mixing it with a silie(‘Ous pig, 
since such addition tends to the separation of 
graphitic carbon and the production of a softer 
metal. Haimatite pig-iron for conversion into 
steel by tlie. acid Bcs.seiner or Siemens process 
usually contains from 2 to 4 per cent, of silicon, 
which in that case, owing to its high caloritic power, 
is desirable for the successful conduct- of the 
proca.‘ss. 

is present to the extent of from 0-02 to0*15 
per cent, in the pig-iron smelted from clay ironstones 
without any admixture of cinder; -but in smelt- 
ing for common forge-})ig in South Wales cinder is 
sometimes added to the furnace charge, and the 
sulphur then often reaches as much as 0*7 per cent., 
hut pig-iron containing’ upwards of 0*03 per cent, of 
sulphur is undesirable for conversion into steel 
either by the Besstmier or the Siemens process, 
since it yields a steel which is invariably red- 
^bort : hut for foundry purposes sulphur up to 
*03 to *05 per cent, makes the jug stronger, and 
hence the practice in Sw*eden of occasionally adding 
small quantities of pyrites to the furnace charge 
when smelting pig-iron for ordnance, shot, etc., 
the pig-iron thereby produced presenting in frac- 
ture a slightly mottled appearance; but pig-iron 
for general foundry purposes should not contain 
more than *1 per cent, of sulphur. White iron 
usually contains more sulphur than grey iron when 
made from the same materials. 

Plioejdinrus is a constituent of most pig-irons, 
its tendency being to increase the hardness and 
brittleness of the metal, to make the fracture 



more largely ciystalline, and to Increase its fluidity 
when in the molten state. If present to the extent 
of 1 per cent, or tipwards, it reduces the tensile 
strength of the iron : but it is doubtful whether - 
smaller proportions have any decided iniliience 
upon the strength of east-iron. Fig-iroii contain- 
ing 1 per cent, of phosphorus is well arlapted for 
the manofaetiire of light eastlna's not requiring 
Great strength. The pig-iron smelled from a i}ea\y 
burden of cinder sometimes ctniaisis as much 
2 per cent, of phosple nis, ai:d often present s a 
lioneycornhed structure along the rqtpier surface (jf 
the pig, whikr such metal freciuoatly f-rmtains also 
considerable proporthiiis of sidphnr. ^Y^UJn the blast- 
furnace is working satisfactorily and producing a 
good grey slag, then the tvhole of the pliosphoni.s in 
the ore. fuel, and fluxes is redaua'fl ai]!! pas.-es irit«> 
the pig-iron ; whilst if the furnace be running on a 
dark-coloured basic scouring slair or cinder, rich in 
iron, then a portion of the p'luHphurus passes out in 
an oxidi.^ed state into t!:e slags, Pig-iron contain- 
ing more them about ’(M per cent, of | hosphoru.s i,s 
iiridesirrible for conversion into steel exce]>r by the 
basic process, which latter requirc-j a metal con- 
taining Pa i-’ier cent, or upwards of |,)hos|3lK)ru.s, 
while hannatite pig rarely tauitains inoro tiian *1 
per cent,, and more usually only from *03 to *05 per 
cent. r>f pliosph.orus. 

■ Manganef.t is present in most plg-htm, for like 
phosphorus, the numgaiiesi,‘ of the Iron ore.' is 
found after smelting to be |xii1ly in tlie blast 
fumaee slag and partly in the ptig-iroii. The 
tendency of manganese is to render pig-iron white, 
hard, brittle, and stronger under cnisliing stresses ; 
while its presence in iron ores promotesthe elimina- 
tion of sulphur from the pig-iron smelted therefrom. 
I^langanese is rlcsirable in pig-iron for puddling or 
for conversion into steel ; and Its pre.sencc appears 
to increase the power of the pig to occlude hydro- 
gen, but decreases this power witiire>peGt to carbon 
monoxide. Manganese should not e.xeeed *5 per 
cent, in foundry iron for the production of strong 
casting^^. 

Sjoegclcteen is a highly mangaiuferous pig-iron, 
containing fnan t) to 2d or 3d per cent, of manga- 
nese, and usually po.ssessiiig well-marked physk^al 
qualities: thus it is very hard, and its fracture 
often preser.t.s large cleavage planes or lamellar 
crystals ; but splcgeleisen ami higldy mangani- 
feroiis iron may also present a granular crystal- 
line fracture void of any cleavage or lamellar 
structure. 

Ferro7nmi(ianeec is a still more Toanganiferous 
pig-iron, containing from 5d to 35 per cent, of 
manganese, an increasing demand for which has 
arisen in conuectiou w’ith the production ofeery 
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mild, soft, weldable steel ; as also for use in the 
manufacture of other manganiferous ailojs. 

Traces oi copper mid titanium appear to occur 
|n all grey pig-irons, but cupriferous pig-iron is 
for conversion into malleable iron or steel, 
since copper renders these latter red-short.” 
Titanium appears to yield a stronger iron. Tm 
makes pig-iron hard and more fusible, but the 
malleable iron prepared from stanniferous pig is 
cold-short and inferior. 

The pig-irons of the several smelting districts of 
Britain often present distinguishing characteristics. 
Thus tiie (himberland licematites are generally less 
.siliceous than those of Lancashire. Clerelancl vnm 
is characterised by a high percentage of phos- 
phorus, and is rarely very siliceous, Scotch jnff 
made from Blackband ironstone is similar to Cleve- 
land iron, but contains probably a little less 
phosphorus, and is so ranked as a little superior to 
the latter. Lincolnshire and Northamptonshire 
irons are similar, but the first named contains less 
phosphorus and also less silicon than the North- 
ampton pig-iron. The furnaces of Boivling and 
Farnley yield a strong iron, which is used also for 
conversion into the highest classes of malleable 
iron, 

OEES OF IRON. 

In some form or other, iron is the most univers- 
ally diffused of the metals, but minerals like the 
sulphides, phosiohateSjtitanates, and .silicates of iron, 
although containing large proportions of iron and 
occurring in considerable abundance, are- not suit- 
able for smelting purposes, and the workable iron- 
ores belong to a very small class of minerals, which 
differ, however, rather considerably both as to their 
yield of iron and in the nature of the gangue or 
foreign matters which accompany the iron-yielding 
mineral. 

Ore is the name applied to tlie metalliferous 
matter in the state in which it is extracted from 
the mine by the miner, and in the case of iron the 
ore is always either an oxide or carbonate of the 
metal, accompanied by certain extraneoas matters, 
gangue, or rein stu ff, essentially either siliceous, cal- 
ear eons, argillaceous, or bituminous in character. 
In Wales and some other districts the term “ mine ” 
is used as synonymoins with ore, the same word 
being thus used to designate both the workings and 
the metalliferous matter extracted from them. 

Upon the nature and quantity of the foreign 
matters associated with the pure mineral, the 
practicability, or otherwise, of profitably working 
a deposit of iron ore depends. Thus a hmmatite 
iron ore, though rich in iron, if associated with any 
considerable proportion of ferrous sulphide (iron 
pyrit««s), would be thereby much reduced in value, 


or probably be valueless : whilst 5, 10, or 15 per 
cent, of manganese in spathic ores, or of carbon- 
aceous (bituminous) matters in a clay ironstone, 
increases the value of such ore. 

Iron ores occur distributed throughout rocks of 
almost all ages, hut the most abundant deposits are 
found in the Silurian, Devonian, and Carboniferous 
i*ocks, although brown haematites also occur largely 
on the Continent and in the colonies in Liassic and 
Oolitic rocks, as also in the' Weal den and Lower 
Greensands. The United Kingdom in the extent 
and variety of its workable ores of iron will bear 
favourable comparison with any otlier part of the 
world. Of iron-jielding niinerals, as already stated, 
the sulphides and silicates of iron occur very 
abundantly, but are not available as ores of iron. 
Native and meteoric irons, again, are of such rare 
occurrence, irregular distribution, and small weight 
as to exclude them from being considered as 
sources . of iron for industrial purposes. Of the 
oxides of iron used in iron-smelting, the most im- 
portant are the magnetites and the and bronii 
heematites, whilst the carbonates embrace the spathic 
iron ores, and the argillaceous carbonates known 
zs clay ironstones. 

Magnetic Iron Ore or “ Magnetite"'* is the richest 
and one of the most- widely distributed of the ores 
of iron ; it occurs in irregular beds, sometimes of 
considerable thickness, but not usually of great 
extent, in various parts of Norway, Sweden, the 
Ourals, Siberia, Elba, the United States, and 
Canada. The composition of magnetite is repre- 
sented by the formula FegO^, hut the ore usually 
contains only from «S0 to 00 per cent, of the 
magnetic oxide of iron, accompanied with from & 
to 15 per cent, of silica. The Swedish magnetites 
are also practically free from sulphur and phos- 
phorus, whilst some contain considerable propor- 
tions of manganese. The pure mineral is iron- 
black or irom-grey in colour, gives a black streak, 
is brittle, magnetic, and sometimes distinctly polar ; 
it is generally found in the massive form, yielding 
a crystalline or granular fracture; but it is also- 
found in the form of grains or as a black sand. It 
is from these ores (magnetites) smelted with char- 
coal that much of the famed Dannemora (Swedish)’ 
iron is obtained. The ore as. employed at Danne- 
mora yields on the average less than 50 per cent, of 
metallic iron, and is accompanied by a gangue, 
containing silica and lime, in sufficient quantities 
to permit of the mineral being smelted without the 
addition of any further flux to the furnace charge. 

Franldmite, which closely resembles magnetite, 
but is less magnetic, occurs in the limestones 
of New Jersey, in the United States, and is there 
first treated for the extraction of zinc, while the 
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residues so obtained are afterwards smelted for 
spiegeleisen. Fraiikiinite consists of ferrie and 
manyarde oxi<les (FeMii )304 with fermmf man- 
(/(i/tous, and zincic oxide (FeMnZn)O, and it coo- 
' tains an ■ average of about 45 per cent, of - iroiij 9'5 
per cent, of manganese, 20*50 per cent, of zinc. 

TUa/dfennis InmOre, or Ilme/iite, occurs massive, 
but it is found more general!}’ as a dark^coloured or 
black sand along the shores of the Bay of Naples, 
the Jiorth-east coast of America, Labrador, New 
Zealand, etc. In tiiese districts certain ferrugiaoiis 
rocks disintegrate, and whilst the .lighter clay -is 
washed away, the heavier metaIliferou.s particles, 
or grains, accumulate upon the .shore as iron-sands, 
which, after a preliminary mechanical treatment, 
can be smelted in the American Bloomery Furnace 
for the production of wrought -iron direct from the 
ore. The sands contain a large proportion of 
magnetite, along with titaniferous iron ore, free 
silica, and more or less magnesia. Titaniferous 
'tijii ore is a most refractoj’y mineral, which has 
been used w’ith some success as a lining nuaterial for 
revolving puddling and other furnaces; llie sands 
art? dailicuk to treat in tlu* blast furnace, but the 
smelting of bricks made of these .sand.s witli cal- 
careous clay and carbonaceous matters Ls a partial 
sueccs.s. 

Ik*d Mainatite is the name applied to a most 
imxiortant clas.s of iron ores, which consist essenti- 
ally of anhydrous ferric oxide (FeA> 5 ), and which 
vary in colour from deep red to steel -grey, with a 
crystalline, fibrous, columnar, botrvoidal, or amor- 
phous structure. From the variety of their physical 
characters the red hicmatites have received special 
names : thus, a crystalline variety of a bluish or steel- 
grey colour, which occurs at Elba, Brazil, etc., is 
known to the mineralogist as specidar iron, or hvn- 
ylanrs; it contains, when pure, 70 per cent, of 
metallic iron. The scaly, micaceous, or foliated 
variety, which is used as the basis of a paint for 
ironwork, is known as 7idcaeeo?is iron ore; the 
clulj, hard, compact masses, often reniform (kid- 
ney-shaped) .sucii as occur in Cumberland, are 
known as kidney ore. The soft and more earthy 
varieties constitute red ochre, v;hilst pnddhrs mine 
or o?‘e is the soft, unctuous, compact, earthy form, 
known also as mitty ore, which is employed for 
the making and repair of the bottoms of puddling 
furnaces ; and lastly as small, hard, flattened grains 
it is recognised as leni'mdar clay iro7i ore. Red 
hiematite is often associated with the brown oxides, 
and the ore i.s farther classed as hard or soft, ac- 
cording as it contains free silica in excess or other- 
wi.se, and the hard ore is also known as Mast ore, 

Hmmatite iron ores, owing to their comparative 
freedom from sulphur and phosphorus, and to the 


large proportion of silicon contained in the pig- 
iron smelted froui them, have been in large tlcinand 
for use in the acid lX‘b^e^ae^ prorn-ss lor the laanu- 
facture of steel. Until the diseuvery of the basic 
process of Bessemer coiiveivion, uiily hieiiuitite 
.pig-iron w'as suitable for the pmeeS'*. The most 
imporlant deposits of red lueiiiatite are found in the 
Cambrian, Silurian, De\'oi:ian, and Uarbuiiiferous 
rocks; the depiosits of North LuiicasLlre. Uiiniber- 
..laiid, and Fliiitsliire occurring iu veins and Irregu- 
lar masses in the memitain lime^tunes of the 
Carhouiferous series. The more iiapuriaiit Cuiiti- 
nental and foreign tlejMShit.- oi tht‘>e urt*s occur 
in Sweden, Norway, South Geriiiany, Ihmada, and 
the United States, la the Nurtli Lunsdu.e di>lrict 
the ores yield iloiu. 40 to »>2 | er etuu. of imii, or uu 
average iToiii 52 to 54 per cent, uf mtualiic iron, the 
other ingredients being 4 too percenl. of silica, 
w'ith lime, magnesia, aiiiuiinia, and earthy matters, 

Jyroicn or BcLuvn Iron Ore, is wlu?ni>ure 

a hydrated ferric oxide, represciitefi by I lie formula 
2Fe./bB01i.j, and would thus yield ob'Sb per 
cent, of meinllic inum out the orr, vdiich varies 
from blackish- to y4*lkovlsh-bro\\ ji in colour ami 
diiYens much in eoniposition, will id'len viehl in its 
undried state only from 50 per cent, to s'»l ptu* cent, of 
ferric osidi? (Fe.^CD with vi»ry varinblo ftroportions 
.of sulphur and pliosphr)rus. Brown hanriatltc 
occuns in irregular, compact, iiic»re or less honm- 
.geneous masscss, in tlie CarboiiU'erous limtfStone 
and lower Coal l^lea.siires of tlie Forest of Dean, 
Gloucestershire, and Glaniorganshire ; whilst a less 
pure variety, containing more or less mechanically 
mixed sand, occurs in the Lias, the Oolit <*s, and Lower 
Greensands of Northamptonsliire, Lincohishire, 
Buckinghamshire, and Oxfordsliire, Brown limina- 
tites also form one of the inu.st important of the 
ores smelted in France and Germany, 

The Spanish mines of Soniorrostro, near Bilbao, 
yield a brown haematite, which has probably been 
clepo.sited from hot springs charged with ferrous 
carbonate (FeCOs), and throughout tlie bannatite 
are often found blocks of unaltered spurhic ore. 
It is estimated that at these mines Td,t>Ud,0i)0 tons 
of ore are in sight. 

“ Ihg Iro7b Ore ” is an iinpure brown hmmatite, 
smelted in Canada principally for foundry purposes. 
Limmite, again, is another form, a$ are aDo the so- 
called '-dake oreSy^ which occur in granular con- 
cretionary masses, dredged during the winter 
months from the bottom of certain .shallow lakes 
of Norway, Sweden, and Finland. The mineral 
known as ^^gothite'" is a crystallised and rich 
variety of brown luematitc, and an earthy variety 
containing much clayey matter constitutes ** yeikm 
ochre 
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.Sj^athic Iran Ores, Siderite, Olay Iromtmes, 
BlaMand and Cleveland Ironstone are the names 
given to certain ores of iron, in which the rnetal 
' occurs as a ferrous carbonate (FeC03) of greater 
or’ less purity, and from -which ores nearly two- 
thirds of the total weight of the pig-iron produced 
in Great Britain is smelted. 

8j}athio Ore in its purest form constitutes the 
crystallised mineral known as which, when 

xkire, Yields 48*27 per cent, of metallic iron. Siderite 
has a' pearly lustre, and varies from yellow to 
brown in colour, but when exposed to water and 
atmospheric influences, it usually suflcers decomposi- 
tion, and becomes converted into brown hmmatite 
to a considerable depth from the surface. Spathic 
ores often vary much in composition, but manga- 
nous oxide is almost invariably present, in some 
cases to the extent of 50 per cent, or upwards ; 
lime and magnesia, as also iron and copper pyrites, 
are frequently- present in sensible proportions, so 
that the manganiferous pig-iron (spiegeleisen) pro- 
duced from these ores often contains small quantities 
of copper. Spathic carbonates of iron occur in 
Irigland in the Carboniferous limestone of Durham, 
Cornwall, and the Brendon Hills in Somersetshire ; 
on the Continent these ores occur abundantly, as 
in the Siegen district of Prussia, in Styria and 
Westphalia, and to a smaller extent in Carinthia. 
This ore has been in considerable demand for the 
production of spiegeleisen. 

Clay Ironstone is the argillaceous, amorphous, 
compact, earthy or clay-like variety of ferrous car- 
bonate, -which occurs either in detached nodules, or 
in layers of nodular concretions, distributed through 
the shales and clays of the Coal Measures, and in 
beds of considerable thickness in Liassic rocks. 
When not discoloured by admixture with coaly or 
carbonaceous matters or by atmospheric decom- 
position, it ranges in colour from light grey or 
yellow to brown, but the lighter-coloured varieties 
rapidlv become brown on exposure to the atmo- 
sphere. Like siderite, it contains besides ferrous 
carbonate appreciable quantities of calcium, mag- 
nesium, and manganese carbonates, along with clay 
(aluminous silicate), phosphoric anhydride, iron 
pvrites (FeSo) and occasionally also other minerals, 
like blende (ZnS) and galena (PbS). The principal 
localities of its occurrence are the clays and 
shales of the Coal Measures of North and South 
Staffordshire, Derbyshire, Yorkshire, Warwickshire, 
Shropshire, North and South Wales, Denbigh- 
shire, and in Scotland, wdiile the coal-fields of 
Northumberland, Durham, and Lancashire are al- 
most void of this mineral. About 20 ^ per cent, 
o^the British make of pig-iron is obtained from 
clay ironstones. 


COTTON" SPINNING.— III. 

By Henry Riddell, M.E. 

PRELIMINARY MANUFACTURING OPERATIONS. 

The preceding section of these lessons dealt in 
some detail with the cotton plant, its cultivation, 
varieties, and the character of the fibre produced 
therefrom. The present section is intended to treat 
of the preliminary manufacturing operations, in- 
cluding the ginning, mixing, opening, and lapping. 

It will be necessary also to make some remarks upon 
the subject of cotton buying, and glance at the 
question of haling and storing. 

Ginning.— T \\q operation of removing the seeds 
from their enveloping fibre is called “ ginning,’ and 
the machines used in the process are known as 
“ gins.” This process is here treated among manu- 
facturing operations, since it is now* mainly exe- 
cuted in buildings set apart for this purpose alone,, 
whose owners receive the cotton from the sur- 
rounding plantations, and are paid according to- 
the quantity of fibre passed through the machines. 
The machinery employed has become more delicate 
in adjustment, and skilled labour is now absolutely 
required if the enormously increased producing 
power is to be properly utilised. 

The seed, when removed from the cotton, wms. 
formerly used for fuel, but like many other by- 
products has now become an exceedingly valuable 
portion of the out-turn. It is pressed, and the oil 
thus obtained is largely used upon its own merits, 
as well as for an adulterant for olive oil, and also- 
for lard ; while the resultant oil cake is worked up 
into a feeding material. 

In earlier times ginning was treated as an 
agricultural operation solely, and executed by 
means of very primitive appliances, and at an 
expenditure for labour out of all proportion to the 
value of the fibre obtained. The problem to be 
solved in successfully removing the seeds from the 
cotton is by no means a simple one, as a little con- 
sideration will show. The seeds are not lying loose 
among the fibres, but are the bases from which the 
fibres grow and to which they are firmly attached ; 
and those seeds must be removed without any 
unnecessary tearing of the fibres or crushing the 
seed, as such crushing would seriously in3ure the 
cleanliness as well as the appearance of the cotton. 

The machine formerly used for ginning pur- 
poses, and indeed still in limited use, consisted of 
two small wooden or metal rollers, driven by foot- 
treadle or hand-wheel, and geared in such a way 
as to permit of adjusting their distances apart. 
For the purpose of preventing the seeds from pos- 
ing between the rollers with the fibre, the rollers 
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■were niado very small in diameter, not much ex- 
cecdinjr half an inch, and set apart a distance con- 
siderablv less than the smallest diameter of the seed, 


gi*eatly in their principles, three only will 

tiescribed. 

most iiniversaliv adopit"’ 


Leather Roller aud Knife Roller. 
Flij. C.~ Kkife Roller Gin. 


They were deeply gTooved lengthwise to enable 
them the easier to seize upon the fibre. The pro- 
<liictlon from a machine of this class was miserably 
small, averaging only about 30 lb. to 40 lb. of 
cleaned fibre per day, comparing most unfavourably 
with the 1,000 lb. to 2,000 lb. per day turned out 
from the most modern development of the machine. 

The machines at present, in use belong to two 
classes ; one of which, the roller maclune class, has 
been evolved from tlio rude inefficient contrivance 
above de.scribed, while the other is a departure 
on fresh line.s, and is known as the “Saw Gin.” 
There are many machines included in these 
two varieties, but as they resemble each other 


the roller gins has, perliaps, been that known as 
the “Macarthy,^’ from the name of its inventor. 

This consists fsssentialiy of a roller and two 
knives, one knife blade being fixed as a “ doctor " 
upon the roller, while the other is given a rapid 
oscillating motion by means of a crank driven from 
the roller shaft. The roller is constructed gener- 
ally of wood and covere<l wdth walrus leather, tlie 
surface being deeply grooved spirally to assist in 
laying hold upon the fibres. 1‘he cotton being 
seized by the roller is drawn beneath the fixed 
blade, where the seeds are unable to pass as the 
knife fits closely to the roller. At the same time, 
a short distance in front of the intake beneath the 
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fixed knife, tlie oscillating blade is rapidly moving, 
pushing, and forcibly separating the seeds from the 
fibre, so that the latter passes beneath the “ doctor-’’ 
, like blade freed, and is either cast direct upon the 
ground or removed in any convenient way. 

The most efficient, however, of the many varieties 
of the roller machine is that manufactured by 
Dobson and Barlow, and known as the “double 
' action knife; roller ’’ machine. 

This machine is shown in Fig. 6, and its action 
may be understood from the following description. 

The leather roller A is, like that of the “ Macarthy 
Gin,” covered with walrus leather, grooved length- 
wise with a slight twist spirally. These grooves 
allow of the roller seizing the cotton fibres to draw 
them past the doctor knife B in a manner already 
described. The great departure in the construc- 
tion of the machine is in the application of the 
knife roller B with an action partly as a feed and 
partly as a cleaner and stripper of seed. The 
cotton is fed into the trough, whence it falls directly 
upon the knife roller b, and, owing to the con- 
struction of the latter, is carried forward beneath 
the guard C, which is set sufficiently close to B to 
prevent an excessive quantity of the fibre reaching 
the leather roller, leaving at length reached the 
roller A, the cotton is caught by the grooves and 
sliglit roughness of the leather and carried past 
the steel doctor knife D. This knife has its edge 
] pressed tightly by means of the springs F against 
the surface of A at about the level of its centre or a 
little below, so that no seeds can possibly follow" 
the fibre through the slight space allowed by the 
yielding of the springs. The knife roller B is 
perfectly parallel to A and distant from it about 
the diameter of a seed, while it is set perfectly 
clear of the doctor knife. Thus the cotton drops 
in a continuous web from the leather roller, on 
the front side of D, while, stripped by the action 
of the blades of B, the seeds are carried past the 
edge of D into the trough-shaped grid H, the per- 
forations in winch vary according to the cotton, 
and thence drop to the ground. 

The adjustments |)i'ovided in this machine are 
the following. By means of the screws Ko 
the bearings carrying both B and A have in- 
dependently an adjustment of approach dr recess, 
while the height of the edge of D and its pres- 
sure on A are capable of alteration by means of 
the screws K?, and E. The screw IG acts directly 
upon the cross bearer upon which D rests, while E 
acts through the spring F, thus providing a yielding 
pressure upon the leather roller. The knife roller 
B requires some attention, as upon it depends the 
rapid working of the machine, owing to the quick 
freeing of the seeds by the action of its blades. 


This roller is constructed in its simplest form of a 
number of discs mounted upon a shaft and set ob- 
liquely, as shown in the drawing in, the plan of the 
two rollers. The gearing of the two rollers A and 
B is independent, and it will be readily understood 
that by the blades of B during its rotation the seeds 
are rapidly pressed from side to side as well as down- 
w"ard, the amount of to and fro movement being 
governed by the angle of inclination of the blades. 

This machine, when skilfully Worked, is capable 
of stripping and delivering in good condition a very 
large quantity of fibre varying from 2,000 lb. of 
Egyptian to 700 lb, of Dharwar, the out-turn being 
greatly affected by the nature of the cotton. 

Saw Gins . — ^The most generally esteemed ginning 
machines adopted by cotton growing and cleaning 


Saw Gix. 


establishments in •America belong to the second 
great class, laiown as “saw gins.” In Figs. 7 
8 are presented sectional and perspective views of 
machines of this class ; by means of these the 
working of the gins will be easily understood. 
Fig, 7 is a diagram of the sectional details of a 
machine of English manufacture, chosen because 
of Its simplicity, while Fig. 8 shows a very well- 
known and highly popular machine, constructed in 
America by the Eagle Machine Company. It will 
be perceived that a feeding arrangement is present 
in this case, but the action of the cleaning 
chinery will be seen by the section of the simpler 
tool shown in Fig. 7. 

The essential parts of this machine are 
roller s, the grid G, brush B, rollers BE, 
perforated plates p p. These perforations allow the 
escape of the air currents caused by the brush, and 
thus help to direct the cotton where it is desired. 
The saw-roller s, which is constructed by stringing 
a number of steel circular saws upon one spindle, 
setting them apart by means of washers sufficiently 
thick to allow the thin bars of the Wrid Q to nass 
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performed, the amount of seed and leaf allowed to 
pass in fragments being very large, sometimes 
reacdiing 1,0 per ecmt. of tlie tielivcry. This is per* 


between thorn. These bars are so close to each 
other as to prevent the seeds from passing, while 
the fibre seized bv the teeth of the saws is rapidly 


-Eacle ComiN Gin, 


haps largely to be attributed to the factory system 
of ginning, causing it to be to the interest of the 
proprietors to press through the largest possible 
quantity of seed cotton, even, at a sacrifice of those 
qualities 'which are such future helps to the .^pinner. 

Baling , — Like the ginning, the baling of cotton 
is carried on in works unconnected with the 
growers. The merchant-liouse dealing in cotton 
purchases from ail theplantalitms in its neighbour- 
hood, and after sorting the fibre, bales it. niurking 
each bale according to the estimate formed of its 
quality. 

Owing to the necessity of reducing its bulk to 
allow of its economical transportation over long 
distances, cotton is vety' heavily compressed. This 
pressure is applied by a groat variety of presses, 
screw and hydraulic, and is certainly injurious to 
the fibre, not so much by the piressuire it is subjected 
to as by the additional work I’equired to properly 
open the cotton before carding it. 


stripped from them by the brush B, which revolves 
at high speed in the direction shown by the arrow. 

The cotton is thrown by the revolution of the 
brusli, and the air motion thus caused, upon the 
incline marked i and over the interior of the box, 
especially upon the perforated plates P P and tlie 
rollers R R, also xmrf orated. The cotton in a fleecy 
condition has sufheient cohesion to be removed from 
the plates and incline by means of the rollers, and 
is <lelivered in a vreb outside the machine. The saws 
are driven as shown, and the brush B i,s driven 
sometimes directly and sometimes by the same belt 
as the saws. The seeds from which the fibres have 
been drawn by the saws drop through m upon the 
ground. 

For short-fibred cottons the “Eagle Gin,” shown 
in perspective, has been very successful, but in the 
long-stapled varieties the “ Dobson and Barlow” is 
to be preferred. 

Ginning is usually an operation but indiSerently 
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Tlie bales are bound by steel hoops so constructed 
as to be easily fastened, this fastening being only 
drawn tighter by the expansion of the bale on being 
released from the press. The weight of the bale 
varies accorrlirig to the locality; thus American 
averages about 480 lb., Egyptian (heavily com- 
pressed), weighs 720 lb., Smyrna and Indian 400 lb. 
Syrian 320 lb., while the Brazilian and Pernvian 
•cotton is packed in light, parcels of about 170 Ih. 
to 2201b.. ■ 

It is essential to the .success of the future manu- 
facturing processes that each bale should contain 
only one quality and variety of cotton, and neglect 
or unskilf Illness in the sorting at this point leads 
to great waste and injury to the yarn at a future 
stage. There are four main divisions of quality 
in cotton, , known as ' Ordinary, Middling, Fair, and 
<jood. Each of these is subdivided into about 
three or four more minute classifications according 
to English custom. The final classification of 
quality is effected by reference to certain standard 
samples, adopted by the cotton trade, and changed 
at intervals, as the new crop may be found better 
or woi'se than the old. A few of such subdivisions 
are “ Ordinary,” “ Good Ordinary,” “ Lower Mid- 
dling,” “Fair Middling,” “Middling Fair,” “Fair 
Fair,” “ Good Fair,” “ Good,” “ Fair Good,” and 
^^'Yery Good.” 

These classifications are not all employed for 
cotton of any one kind, the grading differing ac- 
cording to the growth; for instance, American 
cottons are classed from “Good Ordinary” to 

Middling Fair,” Pernams from “Middling Fair” 
. to “ Good Fair,” Indian cottons from “ Fair ” to 
“Very Good,” and Eg^'ptian from “'Fair” to 
■“ Good.” Hence in the table given of prices and 
characteristics the prices are for the best class of 
Americans and the lowest grade of Egyptian or 
Indian cottons. This requires to be borne in mind 
•when considering the comparative commercial 
values of the fibres. 

As showing the effect of these classifications 
upon prices, the following short table may be 
examined. It represents prices current in July, 
1892, in pence per lb. in Liverpool. 
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CHANGE OP POSITION OF THE CO-ORDINATE 
■ PLANE. 


The student has already seen that two projections 
are necessary to determine the position and shape 
of a body in space. 

Now two projections— provided they both 
be complete enough-— are sitfficient to determine a 
body in space. For example, Fig. 29 may repre- 
sent either a square prism 
resting with one long face on 
the ground and another pair 
of faces parallel to the Y.P., 
or a right cylinder lying on 
the ground with its axis hori- 
zontal and parallel to the V.P. 

Fig- 29 gives plan and eleva- 
tion of all the edges of the 
prism ; it also gives plan and 
elevation of the circular bases ; and of the curved 
outline of the cylinder. 

Fig. 30 shows the same plan and elevation 
lettered, and by a little careful study it will be 
seen that it now represents a square prism. 


Fig. 29. 


Fig. 31 shows the same plan and elevation, but 
/ 




iO' ... 


s' 


8' 

np 7' : 

1 ^ - 1 


s 

L__ 

.ij 

1 

r « . 

i 

n 


A ■' 


r 


Fig. i 


Fig. 31. 


with the addition of plans and elevation of 12 lines 
lying on the surface parallel to the axis of the 
solid. The addition of these lines removes all 
ambiguity as to the solid represented, which can 
only be a right cylinder. 

Now if we took another elevation looking in the 
direction of the axis, the shape of the solids in 
Figs. 30 and 31 would be seen at once. We there- 
fore have to study the problem of drawing a third 
projection of .a solid, having given twb. Since our 
drawing of plans and elevations of solids reduces 
ultimately to drawing plans and elevations of points, 
we will first study the problem with regard to a 
single point. 

Let p, Fig. 32, be a point in space, and p and p' 
its plan and elevation on the co-ordinate planes 
whose line of intersection is x y. Take another 
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pla.nc Yj Vi at right angles to the plane H H and 
intersecting it in the line Y 2 . The projection of 
V on tiiis plane is If the plane V V be rotated 
about X Y, and the plane Vi ciboiit Xj Yi into the 


let a new elewitioii be retjiifrecl on an XY. riiakinj 
30^ with the long edges (ni the plan. 

From, the points d, h, e , .... . in the plan (Fi,2 
36) draw, project urs j.erpendicular to Xj Y|. am 


liorizontal ]’)lane, cavrylnn with them all points 
projf'Cteil oti tliem, tlie ]'»roji'ctions of p will ai.tpear 
as in FJ,n. 33. Now in Fig. 3U erldently e /' = Cjg;',,- 
therL'ri)re also in Fig. 33. Cjg/j ~ep\ Hence the 
. following rule; To 

■rf>' find a new eleva* 

j tion of a point 

j having given one 

1 I'jlan and elevation, 

X |g Y draw from the 
I given plan a pro- 

! Jector perpend ic- 

/ j iibr totlic nev; X Y, 

'\.^y . . h set off along this 

; projector above the 

/ ^ ^ distance 

j' equal to the lieight 

P 5 ,,^.o 3 ; ■ , ^ of the old eleva- 

tion, above the old 

X Y. Compare ej/ and in Fig. 33, 

i\nd remembering that the Y.F. and H.P. are 
ro-ordimte planes— that is, -what is true with 
regard to one is true with regard to the other — we 
get the folhwving problem and soliititm. 

Prahiem. — Given plan and elevation of a point, 
ilnd a new’ plan. Draw from the given elevation 
a projector j'^erpendicnlar to the new xy. Set 
('ll aio]ig this projector below the new XY a 
distance distance of the given plan from the 
old X Y. Fig. 31 .shows the point in space, 
atid the planes of projection in tiieir relative 
positions ; Fig, 33, the plans and elevation corre- 
sjionding. 

Given plan and elevation of a solid to 
drawn new plan or elevation. 

J-Jxercke 1. — Take the solid given in Fig, 22 and 


lector 


the old XY. 

For the nev’ eleva- . / ! ■ 

tion all lines which <fr ' ' [ 

are hidden wiieu the j. 

solid Is T*iewt‘cl In I 

the .direction of the ■ ' .] " 

.arrow ■ are dnnvn 

dcstted. Forexam|jle, I 

.A.E is right at the *' j 

back, anci therefore 1 

be dotted, J-j) 

and .slmiliuiv for the . Fi'^ ivi. 

lines niid Fj /dj. 'b, 

2. — From t lie new elevat!»:>n in Exercise 
1 draw a new”* plan, tl:e new gi’ouiid line being in- 
clined 45° to Xj From draw a projector at 
right angles to xgYo. and setoff from X^Y,, 
ecjiial to c\ ft. c, l.s the new | hin of tlie point A. A 
similar const ruction must Ije entplnveil for the other 
p(tlnt> of the soli'l, Tin' w* rking oat i> left as an 
exercise for tlje stiit'hMii. 

IZren‘isr,'i 3. 4, 5.— -Draw lawv plans of the solids in 
Figs. 23, 25. 26, the new’ gi'otnid lijies being inclined 
43° to the old. 

The W'orking out r>f flu.* jtvranild rtii-i. rndalietlron 
pro.'sonts no new feature. 

In the cjise of tlie cont*. Fig, 211 , tliere are no 
angular points in its 1 use. but a nundiur of ptunts 
are chosen arbitrarily In l!s»* base aud these points 
are projected in the iisuai wny, la Fig. 37, 12 
points arc taken iti tlie elretind’erencc of the 
circle which form.'- tlie their eievatt^ms 
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the pyramid in Exercise 9 when a long edge is 
(10) vertical, (11) horizontal. The first plan and 
elevation will be the same as ia Exercise 0 , but 
the new , ground lines will be x.>Yo and x.,Ya, 


1 ', 2 ", ... . are drawn, and from them pro- 

jectors perpendicular to the new ground line 
are drawn. 

The new plans I 3 , 2^, . . o! the 12 points 


hawng a given inclination to the horizontal 
the first plan and elevation should be drawn so that 

elevation given face is represented by 

one straight line. 

If a solid is to be drawn with one line or face 

parallel to the trace, the of tlic 

given line or face may be drawn, if possible, parallel 
to the X Y. 

The case in which the inclination of a face, and 
also the inclination of a line, is given, is more 
complicated, and will be treated later on. 

^Exercise 9.--Draw plan and elevation of a hexa- 
gonal pyramid when one of its long edges is 
inclined 30^ to the H.P. According to first rule, 
the first plan must be drawn having the plan of a 
long edge parallel to x y (Fig. 39). The new ground 
line Xi Yi must be drawn at 30° to v' d. The rest 
of the drawing is as in the former exercises. 

Exercises 10 and 11.— Draw plan and elevation of 


, are at the same distance from x, Yj as the old 
plans 1, 2, 3 ... . from x y. 

Through Ij, 2j, 3j, . . . . a curve must be drawm 
freehand, . 

Prom t’l, the new plan of the vertex, two tan- 
gents are drawn to this curve, so completing the 
uutline of the new plan. 

Exercises 6, 7, S. — From the new plans an Exer- 
cises 3, 4, 5 draw new elevations on ground ■ 
lines inclined 30° to Xj Yi. 

These exercises call for no special remarks. ■J'? 
Exercise S is shown drawn out in Fig. 37. 

We are sometimes., asked to draw a solid' , 

III a certain definite position, which necessi- / 
tates the drawing of the preliminary plan or / 
elevation in a particular way. In all such ,.g, 
cases the arrangement of the iirst plan and 
elevation and the new gro-und line must V 
be carefully thought out— if neces.sary, with \ 
the help of models — before beginning the \ 
drawing. \ 

'.file fnllowing rules will be of .service. If 
a solid is to be drawii witli one line, having \ 

H gireii inclination to the pJlZuiZtal 
the first plan and elevation should be drawn 

so tliat, the ‘^■>f given line is parallel 

to X Y. 

If solid is to be drawn, with one plane face 


m 
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By the second rule, the elevation of one face h'f, ^ 

should be a straight line. Look at Fig. 25, and we Us^eroue 13.— Same octahedron as in Exercise 



I 
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12, but with one face resting on the ground. JSxercise 17. — A cylinder, 3" diameter and 
The new ground line Xg Yo coincides with ¥f ; long, has its axis horizontal and its bases inclined 


iSHB 







Fig. 39, 


(Fig. 39). The outline of new plan is a regular 
hexagon, 

Uxwcise 14. — Same octahedron, but with face 
vertical. 

The new ground line X3 Yg (Fig. 39) is at right 
angles to ¥f, 

Mwercise 15. — Draw plan and elevation of a cube 30° to the T.P. Draw plan and elevation. Fig. 42 

shows the solution : the student should have no 


Pig. 41 


/ 



\ \ 




Pig. 40 

hV' edge when a diagonal is at right angles to 


the . V.P. By the first „ rule, the first plan and 
elevation must be drawn so that the elevation 
ef e' of a diagonal is parallel to XY (Fig. 40). 
Xi Y^ is taken at right angles to ae, the plan of the 
diagonal. 

The outline of the new elevation is a regular 
hexagon. 

Uxereise 16. — Draw plan and elevation of a cone, 
3" diameter of base, and high, when lying with 
one of its generating lines on the ground. The 
new X Y is taken coinciding with ¥ ¥ (Fig. 26). 
Fig, 41 shows the drawing complete. 


Fig. 42. 

difficulty in tracing the steps in the construction. 
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T = 0 .at an iriliiiite distance from tho ori;jin o. 
But when the temperature of a g-as is absuluie zero 
it possesses noliear. I'ln* air in adiuha- 

. tically from tlie state A does an amount of external 
work represented by the area, Xwi Atf- included 
between the ordinate m x, theaxisiff Yrdurise mu, 
and the adiabatic AitL if tlie expansion be carried, 
out till the temperature is zero, the. enerfay left in 
the gas is zero, and all the energy' which was in the 
gas in state A must be equal to the work done in 
expanding indefinitely, tjj. nz area X ?/< .A u. 

Similarly the energy in ihc gas when in state b 
is represented by t he areii x, a n k 
Since the temperatures of the gas in the states A 
and B are the same, tl'ie internal energy—rhat is. 
the quantity of heat sensible as temperature— in 
state A is the same as in state B. Therefore 
Area, x m a a = jirea X )i B k 
Now in expanding iVoin A to b ihe gas absorlis 
heat, and also loses an amount of energy equal to 
the external work of expansion. Hence 

Energy in state A q- hcMt a,hsf)r!;*eil during o.xpaii- 
slori— external work of expaiisiuii —t energy in 
state B. 

Tliat is — 

Area x w? A ubsorlxfd during expansion 

—area m. A ii % .==a'rea x b h. 

Heat absorbed fluring expansion rz: area 
X B + area m A B n — area x m A «/ zzz area a A B k 
Tiiat is, the heat in foot»potirit!s abstnijcd during 
isothermal expansion is equal to the area included 
by the isothermal and the adiubatics, produced to 
infinity, passing through the points representing 
the initial and iinal states. 

We have above 

Area x m k a zzz area X n B 
Add to each side of this equation the area APB, 
then area x m A B p a =z area x 7 i p A B h. 

Take away the common area x^^Pffjthen area 
lu A B % zzz area a A B h. 

That is, the heat absorbed during isothenual 
expansion is the rn(?chanical equivalent of the 
external work done during expansion. 

If the ditferenee of volumes of states A and B be 
unit volume, the quantity" of heat absorbed is called 
the latent heat of expansion. 

During adiabatic expansion the heat absorbed is 
by definition zero. Let a gas expand along any 
path AC B (Fig. 26) ; take a number of ]-ioints 
. . , . close together on the path A B, and through 
them draw isothermals and adiabatics, tiie adjacent 
curves intersecting in <71, • . . . Suppose now 

the path of expansion to be A yq jh 

the heat absorbed will be the area ^ 

jps . . . . B If the points taken infinitely 

cloise, the path Ag'j yq ^2 • • • • ® becomes the 
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{Continimlfroni p, IQil] 

.EXI’AXttiOX OF CASES (contimiod). 

Aillahaiie Edymiishm.—li a gas expands or is 
compressed wirhoat receiving or losing heat, the 
expansion or compression is called adiabatic. 

Let A (Fig. 24) represent the initial state - of the 
gas— that is, its volume is and pressure mz A, 


Draw’ an isuthormad line A n ilirtnigh A and hit b lie 
a. point m tins isothermal. Since the gas in 
expanding from A to B receives heat, if it expands 
without receiving heat, to the same volume, its 
pressure must be less. Thus the adiabatic Ac 
drawn through A must lie nearer the axis o v than 
the isothermal. In other words the adiabatics are 
steeper than the isothermals. It can also be 
shown that any adiabatic intersects all the 
isothormals. 

Heat Aim rhed hi Isothermal Hpaiuhii, LaieiH 
Heat of Hpanaion.—Vio. have already seen that 
when a gas expands isothermally, it must receive 
heat, although its temperature remains unchanged. 
In Fig. 25 let air expand isothermally from state A 
to state B. Througli A and B draw two adiabatics, 


A a and b I, Now if the adiabatic be produced 
far enough, it will cut the isothermal for a tempera- 
ture a fraction of a degree above absolute zero, or 
in the limit we may say it cuts the isothermal 
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same as Acb, and thus ultimately,' .the . heat 
absorbed during expansion along any path A c B is 
the area included by the path and the two adia- 
batlcs through the initial and final positions. 


The specific heat of a solid or liquid has been 
defined as the quantity of heat necessary to raise 
the temperature of unit mass one degree. But with 
gases it is necessary to specify the relation existing 
between pressure and volume while the tempera- 
ture is being altered. Two cases are important. 

Sj?eciJie Heat at Constant Pressure is the amount 
of heat requisite to raise the temperature of unit 
mass of the gas one degree while the pressure 
remains constant. Let the pressure and volume of the 
gas at temperature t be represented by A (Fig. 27). 
Through A draw the isothermal for the temperature 
•t, and draw also the isothermal for temperature 
t -f 1. Then if the temperature be gradually raised 


one degree while the pressure remains constant, the 
^pa^h of expansion of the gas ab^ is parallel to 
•0 X, and B lies on the isothermal f + 1. Through 
A and B draw adiabatics. Then the specific heat 
of the gas at constant pressure— in foot-pounds — is 
equal to the area a A B and wall be denoted by 
the symbol c^. For air Cjt, = *2375 thermal unit 
= 184' 7 foot-pounds. 

Sjpeeijic Heat at Constant Volume. — In Fig. 28 
‘let the two consecutive isothermals t and {t + 1) 
be drawn. If the temperature be raised while 
the volume of the gas is kept constant, the “ path 
of the gas” wall be AB x^arallel to the axis of 
pressure o Y ^ A iind b lying on the isothermals t 


and f -f 1 respectively. Through A and B draw the 
adiabatics A a and B h. The sx^ecific heat of the 
gas at constant volume in foot-pounds is equal to the 
area ^ab and will be denoted by the symbol 
Gv For air e, = -1686 thermal unit == 131-2 
foot-pounds. 

In a perfect gas if the volume be kept constant 
all the heat applied is ‘‘sensible,” and therefore 


the specific heat at constant volume is the same 
for all temperatures. That is, the heat required to 
raise the temperature of a perfect gas from 32° F. 
to 33° F. is the same as is required to raise it from 
300° to 301° F. w^hatever be the volume occupied, 
provided the volume is kept constant during the 
application of heat. Thus in Fig. 22, if a and b 
be^points on two consecutive isotiiermals, A and b 
representing the same volume, and if adiabatics A a 
and B & be drawn, the area a A. Bh will be the same 
in whatever part of the diagram A and B are taken. 

JEsoj^ressions for the Heat Ahsorhed in Hximnslon 


by any Path . — Let A and B (Fig. 29) be two points 
very close together on the path of expansion. 
Draw isothermals through A and B. From A draw 
a line parallel to o Y to meet the isothermal from 
B in c. Through a, b, and c draw adiabatics A«^, 
B b, and cc respectively. Let A ^ be the difference 
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;a dimiimtion of pressure in passing from state A to 
state B. 

Equation h Adhihaile, — Siippo-** the expaii-ioiito 
be adiiibat.ic, 

Then A H = o and 

(1) and (2) become c *, A f = f Av (?»). 


of temperatures of states A and B, and let A H be 
the heat absorbed in expansion. from A to b; 

Tlien A li = area aABb - 

=za AGC -h acBh - acb; 

But area c C'Bhz= area m O B n, 

\ C A C B = A. E 7?-, 

. * . A II := « A C C -f M A B ??.. 

Now a A c e is the heat spent in raising the 
tempciititiire of the gas A t at constant' volume, and 
is therefore equal to c a, A t m A B n is the external 


work done by tlie gas during expansion, and if A r 
be tlie difference of volumes represented by A and 
R, and p be the mean pressure daring expansion, it 
may be written p A i\ 

Finally, therefore, 

A H=:C„ Af 4-/ A r (1). 

Another expression for A H can be obtained. In 
Fig. 30 from A draw a parallel to o x to meet the 
isothermal through B in D. Draw adiabatics A a-, 
B b, and T>d through A, B, and d. Draw ordinates 
D w, B n, and draw A p and B q parallel to 0 x to 
meet the axis o Y. Let B ?;? and B q intersect in E. 
Then by the same reasoning as before — 

A H = area A b ^ 

= A Dff + 7^0 B&~ADB 

Z=:a ABd + m E B » + B E B — A D B. 

Since the equation to the isothermal bb is^r=: 
constant, the rectangle q n is equal to the rect- 
angle pm, and since the rectangle qm is common 
to both, the remaining rectangles ^E and E ware 
equal, 

AH=:^ADi^"f rectangle B 4- B E B— A D B 
= zj 7k D z/ 4“ J3-rea KpqB 
= C At-^rAp (2), 

Where A p is tlm difference of pressures repre- 
sented by A and B, and v is the average volume 
during expansion. 

The negative sign is given to r A j;, since there is 


Of pa rrc rrcmistailt .M 
the equation to the adiabatic line. 


Let any two points A and B be taken close to- 
gether on the same Isothermal (Fig. 32). Then by 


the well known property of the liyperbola the areas 
A B qp and ABn m are equal. If now p qi be taken 
equal to 7 times and the projector qiJh be 
drawn parallel to o x, the area A B] qip will be y 
times the area A Bi n m ; neglecting the small area 
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A B Consequently by (5 h) A Bj is a portion of but the square is set to this line, and then a small 


an adiabatic. 

When A and b are taken infinitely close together, 


portion of the curve is drawn parallel to it. The 
approximate curve drawn is really made up of a 


the construction becomes as follows. Draw the number of portions of tangents to the actual 
I curve. The top and bottom horizontal thick lines 

Y correspond to P p and q q (Pig. 34) respectively 


tangent A T at A to the isothermal. Draw the 
ordinate at A and take any point c in it (Fig. 33). 
Draw c D parallel to 0 x to meet the tangent A t in 
D. Take aCi = 7 times AC, and complete the 
rectangle d c Cj Dj, a is the tangent at A to the 
adiabatic passing through a. 


the points p and ^ (Fig. 34) are shown in 
of positions by the dashes on these lines. 


a number 
For the 


Avte . — The inclination of the tangent A T to the 
axis o X is the same as the line joining the point 
of contact A to the origin o, but in the opposite 
direction. 

Another construction. Draw two lines p P and 
Q Q parallel to o x (Fig. 34) 1 inch above and 
1*408 indies below o X. Join o A, cutting P P in j;, 
and draw pq parallel to OY, cutting QQ in 
The tangent to the adiabatic at A is parallel to o 
Fig. 35 shows this construction applied to the 
drawing of a series of adiabatic curves. Sectional 
paper being used, the lines corresponding to p gf 
in Fig. 34 need not be drawn. The lines corre- 
sponding to 0 ^ (Fig. 34) are not actually drawn, 


portions of the adiabatic curves near the bottom 
right-hand portion of the diagram the lines p p and 
Q Q are taken at a distance from 0 x equal to half 
the original distance. 
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used; othenvise, nmeh liiiic would be lost In 
'gettiiigit rejidy so iJiten, I'Li- rr.If jilso cannot be 
adopted' to so groat an with, fur hh-tance, 

plane-irons, with wliicli a OMhsifb'rahlo aniuiint of 
time is lost in rtiking tlio tool to oioees and putting 
it togetlier again every tiino the edge is sfg. 

Paring Aetkui , — Tiie spu/eial cdiaraetcuisiic of all 
the tools that luave liithoiiu Iteen iiieiilioned is 
that each lias a blade v. hicdi ih-lows the cut made 
by the edge into the wood, so .ns to ket'p the plane 
01 the 'hlade coincidtmt wiib tlmt c-f tlte cut. In 
consequence of this fcarnre, the muierial removed 
by the tool docs not. need in be thrown uiT In short 
lengths, in order ro leave the way clear for the 
advance of the tool. It sorneriiiies gets broken in 
short lengths, as, for example, in cutting across tlie 
grain, but this is not necessary for the passage of 
the tool, aiifl ojily results from the excess of brittle- 
ness of the Jiiaterial in certain directir>ns. The 
tool passes between tlie wrrmghT surface and the 
material removed, and simriiy bends this latter 
aside to a grtaster or smaller mxlent. The bendine 
is, in soiiice cases, large . eriougli to crack it in 
irregularly lemg jiieces, but It is not necessarily 
liroken iido separate bits. 

Tlie ilrst functirm of tlte blade is to act as a 
support to the penetrating edge, wliiclr Is pushed 
forwaird l>y it. Its .second functhm is to bend aside 
the, material sufficiently to open a piassage for 
itself. It must be strong enemgh to perhiiin these 
two finiet ions simultaneously without risk of being 
bent or broken. It has a third function — namely, 
that, of guiding the advance of the penetrating 
■edge more or less nearly in one 'and the '.same 
plane. 

■ The function of the sharp edge is to penetrate 
the material at the desired place and in the desired 
direction, and it does this simply by crusliiiig a 
minute quantity of material in front and on either 
.side o! it, and pushing it to one .side and the other, 
somewhat in the manner in which wrater is thru.st 
to one side by a solid body entering ir. Its work is 
facilitated by a transverse tensile strain being put on 
the material in front of it hy thff* bending action of 
the blade, and this is more especially the ca.se 
when the cut is nearly parallel to the grain of the 
wood. 

Let Fig. 6 represent on an exaggerated scale the 
1)lade of a paring chisel taking a thick shaving (the 
thickness of which is exaggerated, proportionally, 
more than is the rest of the sketch) off a flat 
surface. Let the small arrows represent the 
splitting force which the blade exercises against 
tlie shaving, and. conceive the thickness of the 
shaving to be divided into three layers, by the 
dotted lines. ^ 
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CHI.'ifEL-TOOLS FOE WOOD ■ 

Grinding Wood T(kds . — In grinding wood, tools 
hi general—not only those already mentioned, but 
al>u plane-irons, etc. — it is well to avoid the very 
coninion practice of continuing the grinding until 
a feather-edge is pndueed. This is a strip across 
the edge of frruii one-o2nd to three-32nds of , an 
inch wide, whieii bends over under the pressure of 
the grindstone when the edge is gi'ound very thin. 
This feather-edge lias afterwards to be removed bj” 
cutting with it across the grain of a piece of wood, 
its removal means simply the loss of so much of 
rtie length of tlie chisel miused. After the feather 
is taken off, tin? thickness of the edge left is no less 
than can easily he obtained by carefully grinding 
to the limit that is readied before the bending 
begins to form the feather. Another advantage of 
avoiding the feather in .crindin.g is that it allows 
one to see whether thr* edge has bi.HUi ground to a 
uniform thicknes.s throughout its wulth. Thi.s is 
impossible wlien a featlier is formed. 

Edge yho/Ax—The mo.st common mistake 
made by beginners is to use the chisel too long 
before re-setting the edge on the oil-stone. Siip- 
po.se that half an hour'.s work short cn.s the blade, as 
measured to the exact cutting edge, by of an 
inch. To bring the edge once more to its original 
keenness requires a certain amount of rubbing on 
the stone, the amount corresponding to w-i-tjth of an 
inch on the fiat face. In ten minutes’ work the 
blade wall be sliortenecl by, say, about one-third of 
or of an inch, and the amount of 

rubbing to bring back the edge to the original 
sharpnes.s after this amount of work is not more 
than one-third of that needed in the first case, 
Thii.s, if in the half-hour the edge be sharpened 
thrice instead of once, the total amount of rubbing 
required will be no greater than that needed at the 
end of the half-hour if no sharpening has been 
performed since the beginning of it ; %vhile in the 
former case the edge will at no time have’ become 
•more than one-third as blunt (he., the edge no more 
than one-third as thick) as it is at the end of the 
half-hour in the latter case. Thus, by having the 
oil-stone abvaijs at hand, clean, and in good condi- 
tion, and by having ver^’ frequent recourse to it to 
keep the chisel edge constantly sharp, a great deal 
of unnecessary labour is saved, and the work is 
'<lone more nicely. Of course, this rule cannot be 
followed unless the oil-stone is always ready to be 
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As already explained, between these layers there 
is compressive stress at A and o, and tensive stress 
at E. Tliere is also shear stress, or tendency to 
slide over each other, as there is between the 
layej’s of every piece of niatorial that is bent as a 
beam is. These stresses tend to separate the 
layers from each other. Tints a thick shaving gets 
split up iuio a. nLiiiiber of dilferent layers of various 
thicknesses, according to the small 
differences of cohesive strength be- 
tween t lie difierent fibres. As eveiw- 
one wlio has used the chisel knows, 
these splits rnn often a considerable 
distance in advance of the tool. 

They are not niwavs <lecided splits. 

But if tlie shaving; be examined care- 
fully when the tool is pressing on it 
(if necessary with a, magnifying 
glass), it will be found that even 
when the layers are not actually 
pulled apart, they are on the point of 
; separatingn tlie delicate iibres being 

pulled oat into a loose tangle. Thus 
the undermost layer is left very thin 
and pliable, and is easily dealt with 
I by the sliarp cutting edge. 

[ If the material he not very coherent transversely 

to the tibre, this undermost layer lies closely down 
on the facet of the edge, and no trace of a decided 
split, however short, can be found immediately in 
front of The edge. If, on the otlier hand, the 
fibres cohere more strongly together, a small open- 
ing is found extending a short distance in front. 

; Now this split, of course, follows the grain of the 

wood, which is not necessarily the desired direction 
of the cut. The sharpened edge has, therefore, 

I still to perform its cutting function. It is guided 

; by the flat taco of the blade which is pressed 

against the already cut surface of the wood, and it 
[ cuts off and raises from the forwanl extension of 

j that surface all the wood left by the small split 

i above that same surface. It is in this case con- 

j tinualiy beginning new small shavings, just the 

[ minute length of which is separated from the 

j larger shaving above. The free ends of these new 

ii kiyers are so short that tla\y are not perceived 

I without very close inspect lean. As soon as the new 

aiyer is fairly started as a shaving, tire little 
advance-split changes place, and runs underneath 
the new layer of the shaving. 

Fig, 7 will give some idea of this action of the 
^.utting edge, but it wouhl require a still larger 
scale of exaggeration to show it clearly and 
exactly. 

; Power required to Pare Wood . — The power re- 

i quireckto drive forward a tool of this description 


depends (a) on the quality of the material ; (7j) on 
the direction of the cut relatively to the grain ; 
(c) on the thickness of the shaving ; (d) on the anglcj 
of the tool bevel ; and (e) on the keenness, or 
perfection of fineness, of the entting edge. It 
forms a most instructive exercise for the student to 
act ually measure the forces required to drive the 
chisel in paring different kinds of wood with 


various thicknesses of shaving and various angles 
between cut and grain. This he should do by 
commencing a vertical cut fairly in the ordinary 
way by a thrust from the shoulder, and then 
loading the tool-handle wdth weights sufficient to 
continue the cut. The thickness of shaving can 
only be found by measuring the solid wood first 
before, and then after, the cut, and taking the 
difference between the two sizes. For yellow pine 
the force will be found to vary from 10 to GO lb. 
per inch breadth of cut, and about double this for 
Bay mahogany; The force does not increase nearly 
so fast as the thickness of the shaving. 

In cutting across the grain one part of the power 
exerted is spent in shoving the thin segments, into 
which it is easily observed that the shaving is half- 
broken transversely, one over the other perpen- 
dicularly to the line of the cut ; and this amount 
of power varies nearly in proportion to the thick- 
ness, but it forms only a small portion of the whole 
Ijower used. Another part of the power is spent in 
overcoming the friction between the chisel face 
and bevel and the cut surface of the wood. 

CHIPPING CHISELS AND HAND PLANES. 

This class of tool differs from the last chiefly in 
having a small angle between the under surface of 
the cutting edge and the cut face of the work. 

Cold Chisel — The cutting angle of the cold chisel 
is smaller than that of other tools for iron, it being 
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groutul to from 40*^ to 70® according to the quality 
I ‘ uf metal to be ebippetb Tlie power required is 

•' lesseiiOfl by makiiig the edge keener, but at the 

' . same time durability of tlje edge is to a large 

extetit sacriticed. This is readily recognised by 
comparing the lengths of cut that can be accom- 
plished bj’ a chipping chisel and a planing- roacbiue 
'' tool before each needs re-grinding. It is doubtful 

I > ; therefore wdiether the angle of the chipping chisel 

wciuld bo ilie best if the workman’s band-power 
i iA . : ■ ■ ■ ^ were unlimited. It is to be remembered, however, . 

jib. that the interruption of the work of the fitter, 

caused by his having to re-grind his chisel, is not of 
nearly so iniich Importance as the stoppage of a 
pianing-inachine, or other power-tool, for the re- 
setting of the tool-edge. In the one case, only tlie 
’ man's time is lost ; in the other, the maebine as 

' , well ns the man is for a certain time prevente<l 

’ ' from doing productive work ; and this is equally 

true whether the machine is left standing wlule the 
man goes and re-dresses his toifi, or whether it is 
^ ^to]>pc‘fl only long enough to cliange the tr»ol, the 

rt^-dn^ssing of the tOL»l being handed over to annt her 
workman whose special duty it is to re-grind ami 
make all the t<X)ls of the .shop as wanted. 

J There is, however, a certain cutting angle for 

I eac'h quality of metal below which it is impossible 

to use a eliippirig chi.sel. The edge will be either 
i broken or completely blunted with only one or two 

i , I folow^s if it be ground too keen. The titter has to 

' A :''h| grind his chisel in accordance with the quality of 

I I the metal he has to wwk, the proper angle being 

: ' f greater for the harder and tougher sorts. 

' ^ i Chippuuj Hammer . — Cliipping hammers vary in 

^ ^ weight from to 2 lb. The best weight is 1| or 

1| Ib., according to the size and strength of the 
workman. A workman can more usefully employ 
his strength by hitting hard and swiftly with a 
light hammer than by hitting sluggishly with a 
heavy one. The swing should be given mostly by 
a motion of the wrist and not at all from the 
shoulder. The shaft of the hammer should be 
grasped somewhat loosely, The edge of the chisel 
shoul<l be kept moist, either by whetting it in the 
mouth or by dabbing it on a piece of waste soaked in 
oil, kept in a hole bored in the surface of the bench. 

(ruidanee of Ckippuuf The angle at 

which the chisel must be held to the worked surface 
in order that it may run neither in nor out but 
continue cutting a shaving of equal thickness, 
depends on the toughness of the material, on the 
keenness of the chisel-edge, and on the thickhess 
of the shaving. A thick, still shaving presses 
chisel-edge dowmwards into the material with great 
force— the chisel must be held closer down 
surface ; the tougher the material, the smaller the 



cutting angle of the chisel, and the tlileker tlie 
shaving. The proper angle is ulwaiys fomal out as 
the work j‘roct eds ly fiel, anti hy watclihig how 
the chips c<'.>nie rnT. Alter two or three 'nlows, a 
good litter ^eeswhai the right angle is, and practice 
gives him the power if keeping so exadly to this 
correct angle that la can produce a fair!}’' smooth 
and accurately tlai surface with the chipping ciiisel 
alone. When he comes ir> a plaire wliere thicker 
chips have to be taken od, beeau‘*e uf inie\eniiess 
of the outside *‘ black " surface, he instinctively 
alters slightly the inclination of 1 is toed, so as to 
prevent the stiifer ,-liavhig driving it below the level 
of the surface lie wi.-lies to prudnee. 

This keeping exactly to a level surface in chipping 
is perhaps the most curiously delicrite operation in 
the %vhole range of toul-eiitting. The mathematical 
expression of the bahinee of the forces involved 
would be an equation of great cnm|fiexity. 

Penetration % tlusvi Tlur character of 

the penetration of the extreme fcdge into the metal 
diilers froui that of the wood (diisel iiitt) the wood, 
(Uily beeaiise metal partakes more of the character- 
istics of a Jtuid tlian dries wood, ruder groat 
pressure almost any tnetal, if inti hardened by fire 
or by chcinicai iidmixlnre with non-metalHc .sub- 
stances, cam be made to litjw or ooze from cme shape 
to another like a viscous fluid. As the chisel-edge 
is thrust forward, the material makes way for its 
possage chiefly by this flowing movement, and the 
greaterpnrt of the resistance it cttTers to its advance 
is a viscous resistance. This fluidity of the material 
accounts for there never being any splitting in 
advance of the tool-edge, as there is in wood. Such 
splitting randp occurs in chipping, even with 
laminous iron. 

WOOD HAKD TLIXES. 

Wood hand planes have, like the chipping chisel, 
a thin blade, the under surface td‘ which is held up 
at a certain small angle from the surface being 
w'orked. This angle varies from 10° to 25° in 
planes imende<l for the commoner softer timbers 
and for tlie harder and more cross-grained sorts. 
The upper face of the blade is gnmnd fiat, there 
being a bevel and small facet on the under side 
only. Tins bevel is ground at an angle of from 
20° to 25° to the upper face — that is, the length of 
the bevel is from three to a, little less than two and 
a half times the thickness of the blade. The small 
facet may have an angle from 15° to 10° greater 
than this, so that the ujjper face lies at from 45° 
to 60° from the surface of the w'ork. 

In all the planes used by Joiners, except some 
few for special work, such as moulding, the •‘plane- 
iron," or blade, is stiflened by having a secGnd ‘‘ top 
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iron ” screwed clown on its fiat surface. This bears 
ngcainst the flat face only at its two ends, and, being 
itself thin, presses against the edge wnth a stiff 


springy force. The edge of the top iron is placed 
close to the cutting edge — the closer the finer the 
shavings are desired to be — and this springy 
'pressure prevents “chattering,” that is, unsteady 
bending before the al ways- varying resistance of the 
material cut. The whole is held firmly by a wooden 
wedge in the tapered slot in the stock (Fig. 8). 
The top iron also serves another purpose, which will 
be ex|)'laiiied fart:her on. 

The stocks of planes are commonly made of 
wood. Iron stocks are becoming common in 
America, and to some extent are already used in 
England. The edge of the slit in the sole of the 
wooden stock wears away with the passage of the 
shavings past it, and after a time leaves this slit 
too wide. ' This is rectified usually by letting in a. 
small flat plate of bard wood screwed down to the 


sole. A brass plate is occasionally inserted, and of 
course this wears much longer; but it is not 
advisable, because of the difficulty in getting the 
surface of the brass exactly flush with that of the 
wood. The wooden sole gradually loses the perfect 
flatness of its surface from the warping of the 
wood, from unequal wear in different parts, and from 
scorSig,” being grooved by being accidentally 


driven over nail-ends. The iron surface having 
been made once true, remains so always. 

The Jack Plane (Fig. 8), for rough, heavy w'ork, 
has a stock of about 14 inches in length. The 
iron is ground with a slightly rounded contour, 
so that the plane really ploughs out broad, 
rounded furrows. The top iron is set back from 
the edge about inch. 

The Trying or Half-Long Plane is 20 to 22 
inches long, and the Long Plane about 28 
inches. These have the edge ground straight 
across, rounded off only a little at the corners, 
and the top iron should not be more than about 
•Jy inch back from the cutting edge. 

The Smoothing, or as it is sometimes called, 
Hand Plane, is made of various lengths up to 8 
inches long, and is used on as many different 
classes of work. 

There are also various small planes for hollow 
work. An extremely useful form of iron-stock 
plane is shown in Fig., 9. It has a flexible sole- 
plate, which can be screwed up to any radius of 
curvature. 


DRAWING FOR CARPENTERS AND 
JOINERS.— III. 

[Contimied from p. 91.] 

JOINTS IN CARPENTRY AND JOINERY. 

In building wooden structures pieces of timber 
are often required of length greater than can be 
easily procured ; in such a case the member of 
the structure must be made up of two or more 
pieces “ Jointed ” together. As the strength of 
any tie, column, strut, etc., is nearly always least 
at the Joints, it follows that to get the maximum 
strength from the material used the Joints should 
be ver.Y carefully designed; and having been 
properly designed, the drawings supplied to the 
W’orking carpenters should be clearly and fully 
dimensioned, so that the w'ork may be turned 
out as intended. Many joints used every day by 
carpenters do not possess 40 per cent, of the 
strength of the solid member, and as tlie strength 
of a structure is measured by the strength of its 
weakest part, it is easily seen what a fruitful source 
of waste of material badly designed Joints are. 
To design the best possible joint for any given 
case, the forces acting on the Joint, and also the 
physical properties of the materials of construction, 
must be known with a fair degree of accuracy. 
The influence of time and exposure to weather 
must also be known and allowed for. The dimen- 
sions which would give the best possible Joint in, 
saVj a tie beam of oak, would perhaps not be the 
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fliuierisions of the best possible Joint in pitch pine., 
'riic *• design'’ of structures, or of joints in striicturej 
is beyond the scope of the present lessons, but 
the above icrnavks have been jciude In order to 
lay stress on the iinportanee of having carefiilly 
(liiiiensioiicd drawings of joints subjected ' to great 
stress. Of course, in joiner- work and .catomet 


ere tl.o j.ihi! likely to 

Teaikig. Tli* < diei, " of ihc 
]’atio Hi tL«/ '-■sr.'ii.ib * f the juint 
if the " dei ]>;aie~b therefore 


give way by d 
joint— that is, 
to the streni 


The snirdliiess of the hull-, uuu iiioir CMiisequeiit 
liability to ii.t il * sooHi- 

‘^*"1 times ail objt-"!! n io iLh abou' foriii oi* 
joiiiT. Fli'-. kb a:/i >i ot two mo 
1^4,^ tbods of join in j: h'^thiub the lubts are 
I J _ not tlcpendeil tifi hr iraiHiiiriing the 
f — piiVu but incnvly for ht.hiiirj tlio jnluj to- 
gethc”. In ri-. hd iho | nil 1.^ irans- 
‘ liJttt.il friiii! the ‘ ei'ia iti tl e uiVt‘r-]ilate'>. 
by key-. Jbe 'kti- li.r-! }>e llsiiik eiiough 
to iv.-isi ira-lilim* in’oi the wooil. Ilic 
'b<olt>, of which ihrt?e arc indicfitcJ In th} iigure bv 
their centrt' ■ine>. merely |j« tb 1 1 he ;« 'iat together, and 
may therefore be relaiiu'Jy smaller than in Fi.g. 2h 
The ehiemney of this joint i< the rat in of the liiiek- 


luaking’, where the . joints have no very great stress 
to iiear, more latitude may be allowed. 

Jneamj^Ic S.— Joint in Tie-beam (Fig. 24). Draw 
to a scale of :> inches to a foot. . This is called 
ii hsii Joint, aii»i the simplest way ol lengthening 
a beam. The lisli |:tiecc.^ on tlie side- of 
tliH beam arc a litilu mrav dum half the 
sectinu of tile beam. The ihree are f 

st'rewed together by b(4ts. The imll on . ^ 
tlie tie-beam Is transmitted by n shear on 
I lie* bolt.s, and partially by tiie friigion ^ 

between the iH’nm and the lidi-plates. due 
to screwing up tlio bolts. The holrs 
>hori1fl be large. -0 as to oiler a great 

amuLinr of bearing suri’ace rtn the timbtav f 

or else they will crush the timber, and the ^ 

joint will be weakened. For the same ^ . .. g 
I'oason, bolts square in section are pre- ‘ 

iVrrcd to round- bodied l>olrs. 

The bolts must be idaced far enough 
aixtrr and far enough frore. tl’;e end rtf tlje beam, or 
when the pull comes 011 the joint, a ptiece 01 timber 


111 fig. 27 the joint is n,n.de by indenting the 
cover-] dates into tlic betmi. The -ho older at i* 
must lic made large rL».iim'h * * rr'-i-*? the erii-hinc, 
and the distance r*'' // r«r //c gvi at euoiich to resisi 
the sliearing action. 'Jwm v. ho-e t-eiure line*- 

are shown hold the juiin tocoiiH'r. 

9 (Hifl in. — Draw a juiiu for a lie-bcam 
I'd squaro as sluAvn in Fig. ih .and in Fig;. 27. 
beaie ?»" t-o a foot. 

A scarf joint i.s one in uliieli the luaacltli and 
depvthof tiHAicam are kepi t lie Mina* t l.rungheut the 
joint, in ti<*-i)r‘ams and beams subject to tran.s- 
verse stress sirap-s of wrougld-iron or mild steel 
are often put on each side of the scaiiT joint, and 
bolts put through ihe tiinb(n*s and >tra|-,s. Fig. 2^ 
shows a simple scarf Joint, and one in which the 


may be sheared out of ilie middle of the beam 
fl'lg-. 25). The bolt-heads and nur.s must rest ou 
washers similar to tlinso in Fig. FT 
The section of tlie. solid tie-beam is t? x Orrod 
.square inches. The net section at ^ei (Fig. 21) is 
(G— 1|) X G=:'l| X G=:2S‘5 square inches. This 
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pull is transmitted by the bolts. Fig. 29 shows an and dovetailed. This joint is supposed to be sup- 
indented scarf joint ; in tiiis bolt.s and straps are ported from below as in the case of a \vall-plate. 

Fig*. 30 is a plan and elevation, and Fig. 
___ 33 is a ‘‘quasi-perspective” view of the 

two parts, and show's much more clearly 
— than Fig. 32 the constrLiction of the 
joint. 

Fig. 34 is a joint effected by a tongue 
or tenon, in the one part a fitting into a 
mortise or slit of similar width in the other, 
P'ig. 35 shows a quasi-perspective view of one part.. 


not ab.solutely required, but as more than half the 
section of thebeaiu is cut away, in any joint subject 
to considerable stress they w*ould be added to 
increase the efficiency. Figs, 30 and 31 show scarf 
joiius in which the parts are brought to a proper 


bearing by a wedge key h in the middle of the <C ^7 j 

scarf. The end surfaces 5 are inclined, so that on I ^ — j-i i j 

tightening up the wedge key, the reaction at the "U 3'-' 

surfaces 6' tends to bring the two halves of the ^ 

joint finiily together. The wedge key should only 

b.? driven up tight enough to bring the parts to a Fig. 36 shows the common method of crossing 
bearing ; if driven up too hard the joint may be two timbers at right angles, by means of lialvliifj^ 

so t hat t hey may be fiush . 

^ berscM^ 

cross^'^each ' ■ other, 'ancl 
have all to he kept flush. 

strained and injured. The scarf joints (Fig.s. 29, The middle timber 2 is checked out at ahcdi(fc 

30. and 31) may ]>e used with iron straps and bolts. one-third of its thickness to receive the timber 3. 

Kmmph?^ 11 — M.— llraw and dimension i=:carf Similarly, on its other side the timber 2 is checked 

joints, such as shown in Fig.s. 2.S— 31, for a beam 
12'' square. Seale 3/' to a ibor. 

IViien no bolt.s are u.-^-ed tlio Icngtli of the scarf 
may be .six i inies the <lepth or rhiekness of the beam 
in oak, ash. or dim and twelve times in fir. 

When tlie scarf dep.rmds on bolts onl^q these 
lengths should be three limes and six tini(?s rGsp>ect- 
ivoly. Wiien lutlts a ml Indents ('Fig. 29) arc com- 
luried. the lengths may be twice and four times 
respectively the depth of the beam. These prac- 
tical rules arc giv<}n by I’redgold. 

Fig.s. 32 and 33 show a. compound joint halved 


out at efd htov oiie-thirdof its thickness to receive 
the timber 1. Timbers 1 and 3 are reduced at 
these places to one-third of their thickness. Lastly, 
where timbers 1 and 3 overlap clear of timber 2, 
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With this joiiii and with inanv othvr jniiiit used in 
carpentry and joiiiiTV. ii alraest iiiipesAble to 


they are halved together— at the triangles eh k 
an*.l d (j I Fig. -lij gives a qiiasi-perspective view 


give ordinary ortliograpliie projeelioiis that will 
render the construct ion ckvir and intelligible. Tlie 


qnasi-perspective views gd’^'en are more intelligible. 
At present the student may look upon them as 
auxiliaries to the orthographic projections in giving 
him a clt'Ur idea oL‘ the ccmstructiou tu be re])re- 
sented. We will return later on to tlie drawing of 
these quasi-perspective views, and give detailed in- 
structions concerning them. In Figs, R‘i 41a, and 
41b, tlie thin lines sliown are construction lines, and 
will not form part of the finished drawings. Such 
quasi-perspective drawings may have their dimen- 
sioiis marked on in hgiircs, «and so form working 
drawings. For example, Figs. 41a and llB, taken 
in conjunction with Fag. 4d, will constitute a 
much clearer set of working drawing.s than ortlio- 
graphic projections could give. However, tig:; two 


of timber 1, and Fig. 41.jj of timber 2. Timber 3 is 
similar to timber 1, 
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orthograjjliic projections given in 32 are pre- 
ferabiej regarded as working drawings, to the 


WA.TGH -ANB CLOCK MAKING. 

By Pavid Glasgow, 

Vke~Presid 0 nt of the Britisk Horological Imtiiute. 

[Contimied from p. 96.] 

THE FUSEE AND MAINSPEING (continued). 

Fusee Stop . — The nsual stop to a fusee watch is a 
straight piece of steel fitted to a stud in the top 
plate, placed so that the end of it will just catch 
the projecting hook of the fusee-cap when in the 
same plane ; it is kept free of the hook by a weak 
spnng underneath it until the chain comes on to 
the last turn of the fusee, when it presses the stop 
close to the plate, and the hook catches it. 

This stop is a very good one, where there is room 
for it and it is well and carefully made, but in 
common watches it is seldom well made, and in 
very flat and full-plate watches there is not 
sufficient room for it, and its failure to act is often 
the cause of chains breaking. A much better stop 
is the solid one which is made in one piece, since 
instead of the blade rising at an angle, as the stop 
described does, it is raised and lowered parallel to 
the plate, thus giving more freedom to the fusee 
hook to pass ; and, as there is no stud required, it 
occupies less room. It is fixed to the plate with 
two screws, the space between the screws forming 
the spring ; the screw at the bend has a shoulder, 
and the hole in the blade fits loosely on the plain 
part of the screw, the head of the screw being just 
•far enough from the plate to allow the stop to rise 
the required height to free the fusee hook; the 
spring may be made very thin, as there is no 
pressure on it. The end of the stop should be flat, 
or sloped a little outwards, so that with any undue 
strain the hook would press it against the plate, 
and it should be planted opposite the fusee arbor, 
the blade forming a right angle with the face of the 
fusee hook when in contact with it. If the blade 
is left too long, as it often is, the hook pushes it 
away, and if too short, pulls it towards the centre 
of the fusee, thus frequently passing it and breaking 
the chain. 

Mainsprings. --"fhe employment of the main- 
spring as a prime mover for clocks and watches. 


quasi-perspective drawing Fig. 33. As a rule, 
where possible, orthographic projections should he 
iise<j^for working drawings. 




ndjiwtment of tlic nuiiiispriu.a' was ctJiisi«IeroI of 
paraniuiint importaiieo, jjs IIjo time of watch 
rarieiLso nmeli with that e-^cai’iciijent with the least 


and down pn^ i t i * »15 . II 
nuiiib(‘r of ends wlion 
,2o the luiUiiHT wlioii a‘„' 


n tiuwa. and 
. the lamiber 
li* oiiinp- will 


Fiij. 5.-“ A, C)K»LVAav C?<>i\'t.-hAEia:i. and Stoi’ Wohk; i 
: r, Stod Piece. 

irregularity m the motive force ; but when the lever 
escapement became miivtu'sal, the English Avatch- 
maker troubled liimself very little about adjusting 

the loaiiisprins’. ■' ■ 

iV mains])ri!ig to act with a fusee is ta])ercd from 
the. outer emd. so that when the outer end of the 
spring is hxe l rigidly to the barrel, the coils of the 
spring when being wound rmiiid the arbor will fall 
away from tlK* outer eircuinferenee separately, and 
wind and unwind on and ofT the arbor without the 
trictiou produced by the coils ruhhing one another, 
as they do with a straight spring and a, loose 
attachmenS at the barrel. 

3 <’>'■ Turnn hiihe Sj)7'ttuj . — To ]>roscribe a 
certain miud'cn* of turns of spring for a barrel would 
be quite nnslea<ling, as the number of turns of the 
spring in the barrel is no guide to the number of 
turns the barrel will make by the winding or un- 
winding of The spring on or off the arhor. 

IL Siiunier quotes the following theorems from a 
work on mainsprings by lifessrs. Roz<5 (father and 
son), Avhi<di was published in Volume II. of the 
Ner uc ( It rono mefriq lie : — 

(1) A mainspring in the act of uncoUing in its 
barrel alwmys gives a number of turns equal to the 
difference between the number of coils in the up 


.-ball^i.c equal to 

t'ic s| riiig wlicii up «ir duwii 
uuisl itc equal to tin* nncoverid 
surface of I ho 1 sarri 1 but turn. ■ ■ 
A gairhl <lcal <‘.f stress is laiil:.. 
I w vari< ni- writiu's « »ii t he nece^-, 

, ^ity of a proper-sized barrel 

' blit if the aibnr UM-d Is, 

ton siualL as it fjfPui is in fusee ' 
^ watches, wlicn too ihh'k a' 

spring i- u-ed. the mainspring 
W will brt‘ak at tin* twe, unless it 

K, IMI'IIOVCD P*"'*. 

when the only eiroet will be 
that it will bond round the';, 
,.arbor, act Iiig as a larger arbtu' and reducing the': 
acting length of the springa 

. The size of arbor found to aimwcr best, allowing ' 
of the necessary hmgtii of siwingr and preventing 
too small a cirele at Use eye. Is r»nf»-tbird the Insifle' 
diameter of the barrel : the tsrbor should he .snailedp; ; 
so that when tin? spring Is wound on to it, it will: :,' 
.. take a spiral form, and not be distorted, as It would'' 
be by winding it i>n circular arlH;>r, 

In order to diininlsb tlie friction of the coils in a,' 
going barrtd, mainsprings bavc imen made rtfcently 
with tlie outer euil curved backwards, so that the 
spring when unconstrained takes a iVinn .something 
likt* the letter S, This spring is-made with a view 
to the bettor separation of the coils upo!J the 
springls unwinding, as the outer coil< will fall more 
readily away from the Inner f)ne.s towards the edge 
of the barrel when the spriiifg is bent in this way 
than when it is straight or of the usual form. It 
is said to be freer in the barrel, but liable to 
break. 

(toiu'j-Barrd and Stop Wnrli. — Fig, a, A, is a 
diagram of the emdinary going-barrel and ‘-Geneva 
stop work. Its application to all the watches made 
out of England, and to nearly all the keyless 
watches made here, renders it familiai' to every 
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j TOtcbmtiker, find any elaborate description of it is 

: iinneccssaiy ; and, as the principle of the action of 

the mainspring ill t iie barrel has already been dis- 
cussed, the only feature that need be noticed is the 
stop work. The stop work shown in the figure is 
applied to nearly all going-barrel watches ; bat 
this and e%'ery form of stop work so applied has 
the great defect of reducing the height of the 
barrel, necessitating a narrower, thicker, and 
shorter spring, and thus incxeasing its liability 
to break. There is also the further defect of the 
stop drawing away the oil from the hole and pivot 
to wliioli the stop finger is fitted, as, to save room, 
the finger must be fitted close to the barrel. The 
Swiss always fix this stop work on the barrel cover, 
but some of the Lancashire movements have it on 
the barrel. This arrangement is bad, for these 
I reasons .‘“-The barrel hole being in the same plane 

I, as its teeth, or wheel, there is more friction in that 

hole than in the hole in the cover, and, therefore, 

: the pivot should be as long as possible and have 

-oil kept to it; the sinks turned out to receive the 
stop work necessarily weaken the part of the 
barrel to which it is applied, and render it more 
liable to be spoilt than the unweakened part, and 
i any injury to the cover is easier remedied than if it 

occurred to the barrel. 

I With a view principally to remedy these defects 

i • of the ordinary stop work, and also to obtain an 
j approximate adjustment of the mainspring, I 

l devised the barrel represented in Fig. 5, B, 

( ’ Two slots are cut tangentially, as shown in the 

; figure, in the barrel and cover, into which the 

pivots on the piece c project. The piece c is 
riveted to the end of the spring with one rivet only, 
this allowing of its bearing equally on either slot in 
ease they are not exactly parallel to one another, 
and half the thickness of the pivots is filed away to 
prevent loss of spring room. When the spring is 
wound round the arbor, the pivots traverse the slots 
Inwards, and, when they reach the bottom, make a. 
strong and most effective stop. 

The number of turns the spring is required to 
make is regulated by the length of the slots; if 
they are too long the spring will be wound up on 
itself, and, although the stop will be perfect, 
the friction of the coils of the spring on each 
other will bo greatly increased (an evil that 
‘ is not ahvays considered in the going-barrel, as 

in many cases the whole length of the spring 
is used). 

This barrel has the advantage of admitting a 
* wider mainspring and longer pivots; there is 

nothing to draw aw’ay the oil from the holes, and 
there is besides a perfect adjustment of the- main- 
spring for nearly four .turns. 


JIamsjmwj MaJilnf/.—lHiQ process of making a 
chronometer sjpring is so nearly identical with that 
of making a watch spring that a description of the 
former will suffice for the two. 

These large springs are cut from rolled sheet 
steel, which must be of the best quality, with a 
circular cutter ; the bench on wifich they are cut 
has an adjustable bar, so that the spriir^s may be 
cut to any required width. The roughness left 
from the cutter being taken ofi: the edo*es with a 
file, the strip of steel is then bound round with 
binding wire, and wound up into a spiral six or 
eight inches in diameter (the binding wire keeps 
the coils separate and the steel from scaling). It 
is then heated in a close furnace, and. wiien at a 
proper heat, clipped into melted tallow^ or oil. As 
steel will not all harden at the same temperature, a 
good deal of the art of spring-making lies in the 
careful hardening. 

When the spring is removed from the tallow and 
the wire taken off, it is hard and very much dis- 
torted; it is then drawn over an iron case, heated 
with gas until it becomes of a deep straw colour, 
and in this first process of tempering it is brought 
nearly straight, and soft enough for further 
manipulation. It is now fixed in a frame, some- 
what resembling the frame of a large bow saw ; 
this frame moves along a bench on rollers, and has 
a screw at one end for clrawdng the spring tight as 
the hea.t to wdiich it is subjected lengthens it. 
The spring is again placed over the hot iron case, 
and when the part at the end that is first sub- 
mitted to the heat becomes of a light blue colour, 
it is drawn gradually over it until it is all of the 
same colour and temper : the rollers on the frame 
enable the operator to move it quickly if the colour 
is coming too rapidly. The spring is kept quite 
tight in the frame during the process of tempering, 
and when it cools all the kinks have disappeared, 
and it is quite flat and straight, it is next fixed 
up in a frame similar to the last, having one end 
fixed and the other adjustable, and worked smooth 
with lead clams and coarse emery. After all the 
marks have been removed, it is tapered by working 
the clams backwards and forwards, beginning close 
to one end of the spring, and increasing the length 
worked iipoh by an inch each time the clams are 
drawn to and fro, the operator gauging the thick- 
ness as he proceeds, and finishing with wooden 
clams and fine emery. 

Notwithstanding the constant gauging of the 
spring during the process of tapering, the amount 
of tapering and its accuracy are tested at the last 
by bending the spring into double loops from end 
to end, and seeing that these loops grow gradually 
larger or smaller, according to' the end fiirst tested: 


164 


THE ■■■mm -TEOfiNICAL EDUCATOii 


tills testing requires skill and judgment. Wiien 
the spring is dnisbed with 'tbe Ime emery^ tlie- eye 
is made at the thin end, and a small part of its 
length softened for bending round the barrel arbor 
(if it were left as hard as the rest of the sprl,ng(.it 
T.vouk] break by being bent into so small a circle) : 
it is then wound up two or three times, and if it 
forms a perfect spiral, it is passed, but if any of 
the coils are closer together than the rest, it is 
rejeeied, as this show's it is not of uniform temper 
throughout. 

Straight springs are so' ■ much easier made than 
tapered ones that they can be made much cheaper, 
and it can only be want of enterprise on our part that 
prevents us from supxdying other countries with 
mainsprings as we have formerly done, instead of 
importing the greater part of what we use. 

CHEONOMETBR AXD WATCH MAKING. 

Cnrommcte.i' principles which 

govern the action of wiiecis and pinions are all 
Vhat an iritc iligetit workman needs to undeTstaiid-— 
apart froju the practical details —in order to be 
able tu llriish well ; but tlie proper application of 
these practical details can only be indicated, in a 
book, and it requires long experience at the ■ bench 
before a man becomes a good iiiisher.,; 

There is a little to do to the 'barrel- when .-it 
comes from the movera-enfc'' maker,'' naniely, -to 
smooth the pivots, and free the -.barrel on the 
arbor and let it into the frame, and hook in the 
mainspring, 

Mmil'mg hi the Sjwbig^-^Th^ springs have always 
been until recently hxed to the barrel .with a 
square hook riveted in the spring and fitting a 
corresponding hole in tlie barrel; but lately the 
Swiss mode of a book in the barrel and a hole in 
the spring has been adopted, because it is easier 
done, and if a new mainspring is required there is 
no new hook to be made. 

Considering the necessity for perfect adjustment 
of the mainspring of a ship’s chronometer, and the 
trouble taken by a good mainspring maker to 
taper the spring in order that the inner coils, W'hen 
being wound round the barrel arbor, may fall away 
from the outer ones without friction, the advantages 
of a firm attachment of its outer end to the barrel 
will be at once recognised. This hook is better 
than the barrel hook usually found in watches, 
there being more room for it, and it being turned of 
the form of the head of a screw for wood or of a 
button ; but whatever its form, it is not so good as 
the hook in the spring, and it takes up a portion of 
the spring room, since it must project beyond the 
thickness of the spring which it holds. 


I 



■. PhiHinfi the After freeing the great 

and niamtaiiiiiJg-pMWC'r wht'tds with ri%‘'ard to one 
-another, and snioutliiiig tiie liok*> in them and the* 
arbor, upon whlcli they will be found very tighq 
the spiral shoubl be c;ut fur receiving! he chain, the 
number of iiirns to be csit on it to make the 
clironometiT go the rer|iiirt.-d niniiber of hours 
being ascertained as diii'cted at page 94. The 
.pin holes through the arbor and the enllet that 
keeps the raainlainlng-ptiwer and great wheels in 
their places should be broaclic^d together, and the 
arbor and iajles smootliefl fruiii burrs. Ilie wlieels- 
.may be freed by either tuniir.g a little off the face 
of the collet or out of the centre of the great wheel, 
imtil they move easily with a pin fitted in. The 
wheels should move easily, and yet liave no side 
play or .shake ; as if the collvt is pinned on so that 
they' are stiff to move, the chronometer is hard to* 
wind, arid the maintaitiiug-power spring is pre* 
vented from acting. Tiie centre wheel is pivoted 
■first : it must be planted in the centre of the frame,, 
and ju>i be free of the pillar plate. The fusee- 
shuuhl be planted so that the great wheel makes- 
rather a deep depth with tlie centre pinion, and is- 
free of the barrel. - . 

am! /?//,— The stop whieli catches the* 

fusee hook whert tlie chain !.h all wound on should 
next be filed up and adju.sted, the fan hole tlirough 
the stop and stud being broached with the stop- 
held close to the plate at tiic point When a pin is 
fitted, the back of the stop can be filcfd away until 
it just rises sufficiently from the plate to allow the 
hook to pass between its point and the plate ; it 
must then be filed to length. ‘When the stop forms 
a rigid, angle with the face of the hook, it will be 
the right length, the face being radial to the fajsee* 
centre : the hole in the blade of the stop must be 
broached a little larger than the pin, in order to- 
allow the stop to rise from the plate. 

The stop spring must not be strong, and should 
only touch the plate where it is screwed to it, and 
a notch is filed in the stop near the blade to give- 
the spring freedom, A part of the stop wdiere the 
chain pres.ses has to be thinned so that it may not 
be pressed in too soon. This part may be roughly 
got by twisting the cord of a small bow once round 
the smaller end of the fusee, putting the fusee top 
pivot in its place, and holding the bow so that the- 
cord is parallel to the plate, and in the direction of 
the edge of the barrel from which the chain would 
be unwound. The amount of thinning it may re- 
quire can be done wfitbont putting the barrel and 
fusee into the frame. When the mainspring has 
been a.djusted, the action of the stop can be tested, 
and any correction may be made before it is 
finished. 
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DYEIIsrG OF TEXTILE FABRICS,— III. 

By J. J. Hummel, F.C.S., 

Frofessor and Director of the Dyeing De’partnieut of the Yorkshire 
College, Leeds, 

[Contimied from p. 116.] 

ACTION OF VARIOUS ACIDS ON WOOL (contimied). 

ffUric Acid acts like the acids just mentioned, 
but it also gives a yellow colour to the wool, owing 
to the production of so-called xanthox^roteic acid. 
Because of the comparatively light yellowish colour 
it thus imparts, as well as its destructive action 
upon dyed colours, boiling dilute nitric acid is 
frequently used as a “stripping” agent for wool, 
e.d?., to destroy the colour in wool already dyed, for 
the purpose of re-dyeing (job-dyeing, rectifying 
mistakes, etc.). Care must always be taken not to 
have the acid too strong (about Tw.— Sp. 

Gr. 1*02), and not to prolong the process beyond 
■three or four minutes. 

Sulphur dioxide (sulj^Tiurous aoid gcus) removes 
the natural yellow tint of ordinary wool, and is the 
most usual bleaching agent employed for this fibre, 
'The gas is very persistently retained by the fibre, 
.and should always be removed from bleached wool 
previous to dyeing light colours. This is efiected 
by steeping the w’ool in very dilute solutions of 
carbonate of soda, bleaching-powder, or hydrogen 
peroxide, and washing well. When the first re- 
agent is employed, the acid is merely neutralised, 
but with the two latter the sulphurous acid is 
oxidised to sulphuric acid. Should this precaution 
be neglected, the wool will not dye properly, or, 
when dyed, it may be liable to become decolorised 
again through the reducing action of the sulphur 
dioxide retained by the fibre. 

30. Action of Allidlies, — Alkaline solutions have a 
very sensible influence on wool, but the effects 
differ considerably, according to the nature of the 
alkali, the concentration and temperature of the 
'Solution, and the duration of contact. 

(KHO, NaHO) act injuriously on 
wool under all circumstances, hence they can never 
be used as “ scouring ” agents. 

When they are applied hot, even though very 
■dilute, the wool is gradually dissolved, hydrogen 
sulphide is given off, and the solution contains 
organic amido-acids and a body containing sulphur 
•called lanuginic acid. This substance in aqueous 
solution has the property of precipitating all direct 
dyeing colouring matters, tannic acid, chromic acid, 
and many metallic acetates. 

Solutions of alkaline carbonates and of soap 
have little or no injurious action on wool if they 
are not too concentrated and the temperature is 
not ’higher than 50® 0. Soogo and earhonate of 


ammonia have the least injurious action, while the 
carbonates of potash and soda impart to the wool a 
yellow tint, and leave it with a slightly harsher and 
less elastic feel. 

This marked difference of action between the 
caustic and carbonated alkalies makes it an all- 
important matter that for the scouring of wool 
soaps should be free from excess of alkali, “ soda 
ash ” should contain no caustic soda, etc. 

Calcium hydrate (lime) acts injuriously, like the 
caustic alkalies, but in a less degree. 

31. Chlorine and Hypochlorites act injuriously on 
wool, and can therefore never be 'applied to it as 
bleaching agents. A hot or boiling solution of 
chloride of lime entirely destroys the fibre, with 
evolution of nitrogen gas ; if, however, wool be 
submitted to a very slight action of chlorine or hypo- 
chlorous acid, it assumes a yellowish tint and ac- 
quires at the same time an increased affinity for 
many colouring matters. The effect is probably due 
to an oxidation of the fibre, since wool strongly- 
bleached by means of hydrogen peroxide or by per-^ 
manganate of potash behaves similarly. Practical 
use is made of it by the printer of muslin-delaine 
(mixed fabrics of cotton and wool), and occasionally 
by the woollen dyer— in skin-mat dyeing, where 
only a low temperature is permissible. 

32. Action of Metallic Salts. common with 
all fibres of animal origin, wool has the property of 
readily decomposing certain metallic salt solutions. 
When, for example, wool is boiled with solutions of 
the sulphates, chlorides, or nitrates of aluminium, 
tin, copper, iron, chromium, etc., a small amount 
probably of the insoluble basic salts of these metals 
is deposited within, or is attracted by the fibre, and 
a more acid salt remains in solution. On this fact 
the method of mordanting wool depends. 

Neutral salts of the alkalies (e.g., NaCl, Na 2 S 04 ) 
exercise no appreciable action on wool. 

33. Action of Colouring Matters, — Wool has a 
marked attraction for certain so-called substantive 
or direct dyeing colouring matters (magenta, azo- 
scarlet, Congo-red, orchil, etc.) if their solutions 
are presented to it in a proper state of neutrality 
or acidity, etc. 

In the case of those colouring matters which only 
develop colour when they combine with a metallic 
oxide or other mordant, the wool requires to be 
mordanted. 

34. Foreign Matters in JRaiv Wool: Tolk. — The 
foreign matter, or yolh, enveloping the pure wool 
fibre possesses a special interest for the dyer be- 
cause on its entire removal depends to a very large 
extent the success with which he may obtain fast, 
pure, and level colours. To the merchant and 
manufacturer it is also of great importance, since 
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(d) The wool rc^rauaiioif Is ilrlt* 1 nii»l fi o«r 
By hanil over a larae shoe! m' in urTor to 

remo\'e dirt, ."OOfL etc. I'he /**o/ / i> d, driiftl. 
iuid weighed; tin: id, are tJetiTiainefl 

by dilL-renne 

Jj5. IVotii-faf, — 'fht* eoa,'U rit :oii of wlsat 1> here 
called ii'md-fid is fuuiui to !>• of a mih,* v, hut ruia- 
plicated nature. By ’'n atiay r \\ a h hi iilhig :ilei.ih(ji 
it mny be seiunvitisl iiitn tv-u poiuon,-— the our 
huiubie, tlie other rtiid larg* i* aiMrii.r Isistduble in 
this li raid. 1lie >olrd>h‘ ir-rihai enii'^i-ts lauirdy cT 
ihe alcoholic and fat-hke In ly rB''V,vf«rd/r to- 
gether with a, < ahi i:i the tree ^^ute. 

and prybahly rdse t i‘ crni.]^u:<?> of hiuU these 
bodies with ^uch oraa: i i - n *« tie aiad. dl e 

in'^olul'Ie poriioii e'.O'iiTh.hy of t'omi or.iids 

of idiolestL'iir.e and isoclioh.'^torh e v.i:h oleic acid, 
and ill lesser anioiiai Yddii sudd fyUv acids— c.c., 


the amount in diiTerent kinds of raw wool varies 
considerably, and inlluences its comaiereial value. 

Under the ordinary commercial acc(‘ptatifjn or 
the term, yolk includes all adhering impurities. 

Aeconling to diii’erent observers, the cuiistituents 
of “greasy"” wool, he., just as it cutnes from tlr* 
sheep's back, may vary considerably in amount, 
accurding to its origin, as follows : — 

Moisture . . . * . 4— 24 j'*er mit. 


As a rule, the liner qualities of wool merino) 
contain more yolk than those which are coarser. 

When wool is washed with water certain cor- 
stitueiits of a soapy nature are ronioved— he., allm- 
line uleates—also same im s' a non i liable fatty matter, 
since the oleates cause it to form an emulsion. 

To sepanito these two constituents, it is well llrst 
to treat the dried raw wool with ether. This dis- 
solves principally the fatty luatler, .and althci:gh it 
also taktv; ui) some of the oleates ]iroscnr, roiH'f.aiC'i 
washing oil flu* ethereal solutam witli water deprives 
it «d‘ rile hutor almost entiody. 

Tile lollowiiig .substances may be distinguisbed 
in raw wool— (soluble in etherj, avie/- 
pefgpimiw& (soluble In 'water), 7Vt)id-jihri\ dirt, 
mo id are. 

These may be dctennlncd as follows « 

(a) Weigh the raw wool, dry it at 100*^ C., and 
weigh again. The loss in weight gives the moidun' 
present, 

(?>) Extract the dried wtiol with ether, shake up 
the ethereal solution with water in order to remove 
from it the oleates; evaporate the separated other 
to (Iryness, and weigh the fatty residue. The weight 
gives the amount of nyud-fat present. 

Evaporate tiu; separated w’ash-wnter to dryness, 
W’eigh the residue, and add the weight to that of 
the portion soluble in water, he., the olentes. 

(c) Wash the ether-extracted wool several limes 
with cold distilled water, and evapjorate tiie solution 
to drynes.s. The weight of the residue added to the 
weight of the oleates dissolved by water from the 
ethereal solution gives the chief amount of the 
aUmline oleates p>resent. The wool is then washed 
with alcohol ; this ahvavKS dissolves further minute 
quantities of oleates, the weight of which must be 
added to the above. Earthy oleates which remain 
in the wool are decomposed by washing the latter 
with dilute hydrochloric add ; the acid is removetl 
by washing with water, the wool is then dried, and 
extracted with ether and alcohol. From the weight 
of the residue obtained on evaporating the two last 
solvents to dryness the amount of earthy oleates 
present in the vvool may be calculated. 


lienee is n»<t a fat a.s r r 
acciuunts fur tin* dithcuh 
It by Jidld fcuuring agut 
woulA vdjlrh colli ail :s It in r:;ou>'*ivu quanlity. 

Vti). Wool- i^rrspirt:^ ion, - T’lmt poriio!! of tlic yolk 
which is soluble in wali-r. ibe so-ciiHcd wwd- 
jjcrsjnrailoa, coii'-ists csHciiriaily of tlir» jmiamkim 
eomjmmeli of oleio ennl steerle avitk, nta'I proliably 
also of other fixe*! fai ty aci<1s ; it contaliis also the 
potassium salts of certain volatile fatly adds 
(chiefly acetic add, a.mmo.uimi salts, potassium 
chloride, phosphates, sulphates, 4*tc.). 

As a rule, the wadewater of raw wool has a 
strong alkaline rtaiction. clue to the presence of 
potassium carbonate; srunc* ebservers, liow'ever, 
have found it to be, entirdy absent. 

In washing wool on the sheep’s back, tills 
potassium carbonate, whe-n present, |days a not 
unimportant part along with the potash .soaps of 
the yolk, in facilitating t!ie rcnioval of dirt, etc, ^ 
from the fleece. ' ' 

Dried extracted yolk contains about Of) |)cr cent, 
organic matter and 40 per emit. n.buTal matter. 

Yolk-ash consi.sts essentially of |ota»h sait.<,. 
X^rincipnlly carbonat es. 

Maumeno and Eogelet give the following: 
analysis 

Potassium carUonatf . . . Su'TS per t’eut. 

Potassium d}lnri<le . . . t«*is „ 

Potassium .sulpliat<* . . . 2’Sa ,, 

JSiOi, CuO, MgO, AU\,, 

"Piubs, CuO . . 4-21 

lOO-i'lO 

It is evident from the above that when wool is 
washed on the shcep’.s back a considerable quantity 
of jiotash is entirely lost to the fanner. 
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ST. The Wash-Water Products of Bare Wool.— 
The great, bulk of the wool dealt with in commerce 
is, however, in the unwashed or greasy ’’ con- 
dition, so that an opportunity is afforded to the 
woollen manufacturer of extracting the whole of 
the yolk, and making it serve as a supplementary 
source of potash. 

It is interesting to know that since 1860, and 
based mainly upon the observations of Maiimene 
and Eogelet, the recovery of potash salts from the 
'wash-wTiter of raw wool, used in the centres of the 
French and Belgian woollen industry, has become 
an accomplished fact, the annual production of 
Txotassiam carbonate being estimated at about one 
luiUion kilograms. 

After systematically washing t lie wool with water, 
tlie saturated solution is' evaporated to dryness. 
The residue is heated in ga.s retorts, and the gas 
m olved may be used for illuminating purposes. 
The resulting coke is either calcined with access of 
air or washed with water, and yields crude potassium 
carbonate. One hundred kilos. “ gi-easy ” wool 
yield 7 to D kilos, crude potassium carbonate, con- 
taining 85 per cent. K 2 GO 3 . It may not be practic- 
able to treat the wiiole of the wool in this manner, 
but since much of the wool is washed before 
importation, it might be well for colonial wool- 
growers to examine this question of the recovery of 
potash salts from the wash-water of raw wool. 

To the agriculturist the question is also of con- 
siderable interest, since it is evident that each year 
there is abstracted from the soil a large amount of 
valuable constituents. 

Another mode of utilising yolk is that recom- 
mended by Havrez, according to whom it is the 
natural raw material for the manufacture of yellow 
prussiate of pjotasli ; the method, however, is not 
adopted in practice. 

No attempt seems yet to have been made in 
England to collect separately the soluble portion of 
the yolk for the purpose of recovering the potash 
salts. The preliminary washing with water is dis- 
pensed with by the manufacturer, and the wool is 
at once treated with the solutions of soap, alkali 
carbonate.^, etc. Thi.s operation is termed “scour- 
ing,” and will be treated of in detail in a future 
chapter. 

Another product more recently recovered from 
the waste wasli-water of wool is the so-called 
lanolin., which is essentially wool-fat. The method 
(.)f its production will be described in the chapter 
on wool-scouring. 

SILK. 

38. Or iff in and. Culture of Silli . — Silk differs 
enti?iciy both from the vegetable fibres aiKb from 




wool by being devoid of cellular structure. It con- 
sists of the pale yellow, buff-coloured, or white 
fibre which the silkworm si 3 ins round about itself 
when entering the pupa or chrysalis state. 

The numerous varieties of silk may be conven- 
iently divided into two classes, cultivated and wild 
silk. The latter Is the product of the larvje of 


Fig, 7.— SiUK Moth (Bombyx moii). 


several species of wild moths, which are natives of 
India, China, and Japan. The former and more 
important class is produced by tlie common silk- 
worm, or caterpillar, of the moth Bornhyx mori 
(Fig. 7), which has become the subject of special 
culture. The chief seats of the silkworm culture 
are Southern Europe (including the South of Fiance, 
Italy, and Turkey), China, and India. 


Fig. 8.— SiLKWOKsi ON Mulbkrry Leaf. 


The rearing of the silkworm is mainly conducted 
in specially arranged establishments, called Mag- 
Qianeries. In these the incubation-chamber is a 
well-lighted, airy room, where the eggs are spread 
out on sheets of paper resting on lattice work. A 
certain suitable temperature and degree of moisture 
are maintained for ten or twelve days, Tlie young 
caterpillars, as soon as they appear, arc taken to a 
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more roomj chamber, in which there i» erected a 
lath framework strimg across with threads- and 
sheets of paper. Here the animais- -are regalarly 
fetl (inriijg thirty to thirty-three days, .till, '-iiKieed, 
they begin to spin. Their food -consists, of- the 
leaves of the mulberry tree, Jfflntsmlba, hence- the' 
silk is frequently termed SMherry mlk. Bur'ing 
the feeding pciriod the silkworm (Fig, 8) increases 
enormously In size. Tins necessitates- a 'frequent 
renewal of the skin, and moulting takes' place three 
or four times, at tolerably regular intervals of four 
to six days. About the thirtieth day the animal 
ceases to take food, and evinces a restless activity. 
At this period it is placed on birch twigs, etc,, where 
it soon begins to spin. The silk substance, a clear, 
colourless, gelatinous fiiiicl, is secreted by two 
glands symmetrically situated on each side of the 
body of the caterpillar. Each gland, as shown in 
Fig. 9, consists of three parts : a narrow^ tube (i c) 
with numerous convolutions, the veritable secreting 
portion ; a central part (c B) somewhat expanded, 
and constituting a reservoir for the .silk substance : 
a capillary tube (b a), connecting the reservoir with 
a similar capillary canal at a, common to bcgh 
glands, and situate<l in the hea«l nf the animal. 


Pig. U,™Tun Silk Olaxos of thf SitKwoiat. 

Arrived in the capillary tube at a (Fig. 9), the 
silk substance solidifies, and issues from the 
spinneret in. the form of a double fibre, as repre- 
sentetl in Fig. 10. Occasionally the two fibres may 
be slightly separated at intervals, and form then at 
these points two transparent solid cylinders. 

In the beginning of its spinning operations the 
silkworm throws round about itself alight scaffold- 
ing, as it wore, of short fibres connecting the neigh- 


bouring points of supimrt. Wlicii tlii.s i> coiiipieted, 
its movement.s beeoui<? slower, and by moving its 
head from side to side it gradually fnmH.aiul lines 
its dwelling with miineruiis layer.s i,*f ‘-liken lattice- 
work. 

Towards the interior the layers berome firmer 
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and denser, while the inneniiost one, whkdi Immed- 
iately protects the animal forms a thin parchment- 
like skin. The egg-sha|><.*d product Is c^alled. a emwi, 
which may be either white or yellow. 
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PENCIL DRAWINGS (tmtinmi). 

Irm Mmi Draw toa 

scale of half full .size. 1’hc* figures show ii half 
transverse section, a half sii'le elevation, aw! a front 
elevation of a portion of the wdieel. These are all 
that is necessary to constitute a working drawing, 
but the student for practice may complete the front 
elevation. Xote generally that where a number of 
pieces are exactly alike it Is only customary to 
show one piece on the working drawing; the 
number of pieces may be indicated by centre lines. 

The draughtsman must arrange his views and 
choose the sections so as to give information as to 
the form of the object represented as dearly as 
possible. B'or example, in Fig. 24 tlie arm isdrawm 
in the front elevation coinciding with ttie vertical 
centre line, so tliat in projecting tlie side elevation 
the true length of the arm will be again seen. If 
in the front elevation the vertical centre line came 
midway between tw'o arms, in the side elevation the 
arm would be “ fore-shortened.*’ Again, a section 
at A A would cut througli the rim, nave, and arm. 
and, strictly speaking, in the sectional side eleva- 
tion the arm should be shaded. But it is more 
convenient to leave the drawing as shown in Big. 
24, for then the nomial section of the rim and of 
the nave is seen, and the arm is clearly siiown in 
elevation. 

Example 9 , — Cad Irmi lVaU-Bm.—T>mv<^ to 
scale of half full size. When a rotating shaft is 
carried through a wall, the hole In the wall is' 
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Section of Arm af 
Centre of Wheel 


usually formed by building in a cast iron wall-box. 
The wall-box consists primarily of the four flat 
sides A, A, and carries a shelf B to which a pedestal 
supporting the shaft may be fixed. The sides are 
strengthened by the vertical ribs C, c. On the 
shelf B two lugs are cast for the purpose of wedg- 
ing the foot of the pedestal in position. Fitting 
strips, thick and wide, project from the top of 
the shelf, and come in contact with corresponding 
fitting strips on the foot of the pedestal. The 
object of having these fitting strips is to reduce the 
surface of contact between the two pieces to a 
minimum, so that the work of chipping and filing 
to get a good fit is also reduced. Where surfaces 
are machined it is not necessary to provide fitting 
strips. The holes are elongated and give of 
adjustment for the position of the pedestal. All 
the principal dimensions are marked on Fig. 25, 
any dimension not marked in figures may be taken 
at the student's discretion. The three projections 
shown are symmetrical about their centre lines, 
and where time is of importance, only the half 
projections need be drawn. 

Example 10.^ — •Indiaruh'ber Yalm tvWi Guard 
Plate and Seating , — Draw full size. 

The views shown (Fig. 26) are a sectional eleva- 
tion, a half plan, and a half plan of the valve 
sweating only. 

JSxmnple 11. — Pedestal for a 3" Shaft. Fig. 2T 
half longitudinal vertical section and a half- 


elevation ; Fig. 28, a half horizontal section through 
the centre of the shaft and a half plan ; Fig. 29, a 
half transverse section and a half end elevation. 
Notice that the brass bearings are thicker at the 
top and bottom than at the side, in order to allow 
for wear. If the pedestal is used to carry line 
shafting, the wear will be greatest at the bottom. 
When the bottom brass is worn down too thin, it 
may be interchanged with the top one. The bear- 
ing surface between the two brasses is filed down 
from time to time so as to keep the “ slack " of the 
shaft in the bearings within due limits. On the 
outer surface of the brasses are two narrow oct- 
agonal fitting strips which bear on corresponding 
fitting strips of the body of the pedestal and the 
cap. Such a design is suitable where it is intended 
to fit the parts together by hand-chipping and 
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CARPENTRY AND JOINERY. 


that the saw’ moves entirely in the waste wood. The 
joining of timbers at right angles may be effected 
by other joints besides these— halving, dovetailing, 
and various combinations of both. In most of these 
there are two cases, as in bridle and mortise and 
tenon joints, one in which the timbers are joined as 
the letter T, and one as the letter L . In halving or 


filing, and to do with as little macmne as 

possible. When the pedestal is properly adjusted 
ill position, wooden keys are fitted between the 
pedestal and the lugs on the cast-iron plate on 
which it rests. 

The student should begin by drawing the section 
of the brasses (Fig. :27), then octagonal fitting strips, 

holding down bolt, cap of pedestal, bolts through 
pedestal foot and cast-iron plate in the order 
mentioned. 


SBIPLE JOINTS AND CARCASS UAitruiiNXiti. 
SawvTig. — The beginner must learn to use the saw 
with the same attention to his position in regard to 
the work as advised for mortising. Manifestly, the 
saw must work in a plane, and a little consideration 
will make it clear that the elbow as well £is the 
wrist ought to move in the same plane, while the 
eye of the workman stationed above, but in or near 
the same plane, will be able to direct the work and 
glance the line, and also be in a position to detect 
the first departure from the line. Any error must 
be at once stopped, or it will increase and become 
incurable. It is to be remembered that if the saw 
wanders outside the 
boundary of the tenon, 
a chisei can rectify 
§ the error ; but if the 

mistake is made of 
' cutting inside the line, 
[l| ' . bad work is the result. 
Some practice will be 
necessary before pro- 
fioiency is achieved. 
m There is a form of joint 
similar to the mortise 
and tenon which is 
|i) called the “bridle 
I fi joiiit*” differs from 

I® the mortise, inasmuch 
h Mi sawnbe- 

//W^W [i ® fore chiselling out the 
waste wood. Theopen- 
y. 23 ^ ing extends through to 

the end, while the 
tenon part is cut the full width. The joint is shown 
in two forms (Figs. 23 and 24), one of which can be 
cut with a saw, as tenons are usually cut, while the 
other form will need one of the members cut with a 
chisei, only being outlined with the saw. The 
bridle joint is also avmlable for roofing purposes. 
Care must of course be taken in cutting bridle joints 


dovetail-halving the same rule must be observeay 
and in the case of dovetails the dovetail is usually 
cut before the socket, which is generally marked by 
the aid of the cut-out dovetail, although in heavy 
work much labour can be avoided by cutting both 
parts to a template or gauge (Fig. 25) ; or a bevel 
can be used for the angle. In all cases where 
sockets are to be cut through, time can he saved by 
making several saw cuts in the waste wood before 
f'.nttiner out with chisel. Even in cases where the 


Pig. 25. 

socket is not cut right through, the saw, can still 
help a little by cutting in the waste wood. 

Trimming. of the operations which will be 
needed is the preparation of trimmers and trimming 
joists. In order to avoid risk of fire, the joists which 
support the flooring are not extended under the 
hearths in the direction of the fire-place, nor should 
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joists, wall-plate?, or any other ’wood be built into ' support tlie brirk rnninir^r. whidi a pnif of an 
thew'alls near any fire-place or ilae. The method arch abaiiini’' a|itan^t liio wall am! flu* and 

which sofTports liie Ihe jtdnt may 

— — ■ be streniftlumc'h (I ) by mi.'kimr it rtoatiT than the 

^ rest. (2) by the use «»i iron bulls ami nuts, (I») or 

i ^ T~ — by the nse of ilie ]iurr!a;^*b,)!n* strut, aboiil It) ho 

- 7 -1 1 1 1 !\''fl tle^'Crihetl. If tht‘ ;h“*i>is aru at riytit uo|,he> to the 

dhiuney hivm-t. then m veral ttf ihem are eiit. and 
the ends fonneil into toijuti- fFi,!:. *>) an* inserted, 
and supported hy the triniinm*, u|}i<*h is hi turn 
siiuiuirly supportid hy two t»f the jtnsts which afe 
of foil lang'l'h. 

Seufrai will be alraitfed that if a 

beam m* wall-plate i"' sut^piuued tlirouglimit. its 
length, St mii!;t:ers, little wliat iiicirtises , are ' cut 
ill it, or huw larn or Luim ;ous, but a heani sup- 
ported at, the ends only,' or at the ends, amlmiddler 
may be seriously weakened 'by ■ large , 'tir ■ deep 
mortises. It' will, "become o'bvicm,s t'.luit" cuts 'cm t'he' 
upper- or Icover surlh'Ces 'Of ti:i€y beaia , are ■ more. 
W'ea'kcuii.rig than i,nort"',i'.ses of , depth. cut':.:i,i:i 

flu* suhsfanco of flu* huaiii, bm not extending to 
•ado| ted to overcome this dilTscnlty is called **trhn- either upper or lower siniaces. It will als*> he ad- 

laing.” It h tlniwn here (Figs. 2d ainl 27). if the initled that the upper |.*art of the beam is com* 
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joists lie parallel to the chimney breast, one about pressed by the load, while the lower surface is put 
*2 feet from it is strengthened, and prepared _ to intension. If this is so— and an experiment oT two 
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with a strip of wood partly sawn through placed on 
two supports will soon make it clear— if the top 
and bottom are exposed to a ditfereiit sort of strain, 
then there must be some part of the beam which is 
practically relieved from any strain at all. This 

is quite well recognised, and 

rWiy " ^ is called the “ neutral axis.” 

fSvS ^ about y% from the top sur- 

^ face, or about but wm 
believe the true place is 
determined by the relative strength of the material 
to resist compression and tension, and that this 
jieutral axis is not necessarily a straight line ; this, 
however, is only an inference from the fact that any 


the weight of the brick arch without bending and 
thereby altering the curve. If the curve is a semi- 
circle (Fig. 30) or a considerable portion of a semi- 
circle, then the centreing must be joined together 
in sections, and the strips put on the edges after 
the pair of frames have been joined. It will be 
better if the pieces thus nailed on to support the 
bricks are uniform in ’width, and, though they need 
not be fixed close together, the spaces ought to be 
equal. 

Sometimes these centres (so-called) rest upon 
pieces of quartering standing upright in riie 
window openings, although it must be obvious 
that any settlement arising from the weight of 
the brickwork compressing the- mortar joints be- 
tween the courses would then be prevented from 
taking place, or the whole strain thrown upon, 
the arch and its supports. Sometimes brick 
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PHOTOGEAPHY. — III. 

By T. C. HErwosTB, F.C.S. 

iV&atinut’ii /f$hi f. 

■. ■■ LEASES 

The photographic beginner ■will ■ be apt ' to be 
coiislilerabiy piizaletl in his? choice' of iense^, for 
each dealer advert ise.s a large variety of these 
necessary aitls to photographic work' aader .all 
kinds of different names. Bat although the names 
are different he would be able to notice, if sectional 
drawings of these lenses were placed before hlaj. 
that they have a family likeness and are evidently 
designed upon one or two standard models. Un- 
fortunately we cannot say that because one form 


n 
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is copied from another all are equally good, for 
as in other articles of manufacture, there are 
makers of lenses who stand far alaive their fellow.s 
—suiil their imstniments are known all over the 
world as the best that can be obtained. ■ 



Fig. IS. 

the various lenses which have from time to tim 
been brought forward and gradually superseded b; 
better forms, woiild cover fifty or sixty pages. W 
must therefore content ourselves with a fev 
general remarks which will enable the reader U 
understand the main differences between th< 
lenses used for different purposes. 

^ Light travels in straight lines as long as it con 
tinues to traverse a medium of uniform density 



but on entcrliig a merlium of clill4Tc*nt den^itv it ig 
bent out of its coiirfi% or tf/mvieil Tla* familial 
instance cf an oar or stick placiMl oldiouely in 
water (wliik? half of it rcinains in the air above) 
ap|.K‘ariiig bent, is due to thU tvfmvtmi of th^ 
light rays. A clear |«nl will appear far shallower 
than it really is hir tlie sin a reasun. 

Photygraphic lenses arc made of glass with 
curved surfaecisr. Glass 
being a denser mediiiiii 
than air. causch the light 
rays upon entering it to 
be rcfnietecL jtrsfi by 
giving the siirfac;es iff 
lenses different enrvji- 
lures the liglit rays can 
be bent in diifererit tli- 
rec'tions. ■ 

The different sliapes 
to wiiich lenses are 
ground are .shown in Fig. 17, where a is a double 
convex ; /#, a plano-convex ; r, a concavo-convex; 
a double concave; c, a plano-concave; and /, a 
cuncavo-eoiivex. 

Taking two of these, n and i/. we are CMiabled to 
see in Figs. 18 ami PJ thew’ay in wbicli |kmllel rays 



Fig. 19 . 



of light are bent out of tlicdr course wrhen a lens of 
either kind Is placed in the path of such rays. It 
will be noticed that the double convex lens causes 
the rays to be refracted ancl brought to a point— 
ie,^ the principal fckcus of the lens. Lenses which 
are thicker in the centre than at the edges arc 
known as converging lenses, and bring the rays to a 
point as shown. But those whkdi ha.ve their edges 
thicker than their centres are called diverging 
lenses, for they spread out the rays as shown in 
the diagram. These diverging lenses are not used 
in photography except as parts of compound 
lenses. 

The bending back or refraction of a ray of light 
i.s best seen in the case of a prism (Fig, 20), and a 
lens may be regarded for the moment as a com- 
bination of such prisms. A double convex lens, for 
example, may be likened to two prisms with their 
bases in contact (Fig. 21} ; while a double co&ave 
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brought to one point as nearly as possible. Such 
lenses are said to be achromatic, and these alone 
are now used for photographic purposes. 

Curvature of .field is another difficulty which has 
been conquered to a great extent by our opticians. 


lens can be compared to a couple of pnisms joined 
t 02 :ether in the opposite way (Fig. 22). 

A lens is naturally full of imperfections, and it is 


Fig. 21: 

the aim of the manufacturer to reduce these to a 
minimum. The rays of liglit in passing through a 
lens are not all refracted to the same point, those 
passing through the edges of the glass being 
brought to a focus nearer the lens than those which 
pass through the centre. This fault, because it is 
•due to the shape of the lens, is known as spherlcdl 
.aherTatioTiy and is seen in the blurring of the 
picture owing to the several images overlapping 
•one another. Ohromatie aherratlon also leads to 
blurring of the image. In Fig. 20 it is shown that 
white light in passing through a prism is split up 
into rays of various colours. Such coloured rays in 
passing through a prism or lens are not equally 
■refracted, the blue and violet rays being brought to 
a focus nearer to the lens than the more luminous 
yellow, green, and red rays (see Fig. 23). An image 


fi be seen with any lens as a blurring of the 
in of the picture while the centre is in focus, 
viee versa. By receiving the image on a con- 
surface all the different portions would appear 


Fig. 25. 

to be in -focus. The fault is reduced by associating 
with the lens a stop or diaphragm. All lenses are 
furnished with such stops, while some modern ones 
are fitted with an iris diaphragm which can be 
expanded or contracted at the will of the operator. 

Although, as we have seen, so many lenses are 
described in the catalogues of the various dealers, 
they may be sorted under, three different heads: 

single, or landscape lens, the doMetl^m—oth^T- 
wise called rectilinear, symmetrical, etc. etc.— and 
the lens. . 

The single achromatic lens (Fig. 24) is he 
simplest, the cheapest, and for landscape york 
pure and simple one of the best lense.-! which can 
be employed. It cannot be used for ^chitectural 
subiects, or for any purpose , where straight 1 n s 
tn be represented, unless such lines are far 


Fig. 23. 

may therefore appear to be in focus to the eye, but 
the violet and blue rays while not so visible are more 
energetic than the brighter rays in causing chemical 
action, and therefore the plate will he blurred. 
This difficulty is obviated by cementing together 
e-lasses of different densities so that all the rays are 
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rcmoTt'il from the margin of the picture. For tills 
type of lens gives— with the stop ueeessaty* to 
secure gooil definition placed iii front of it— an 
Iniage which is barred-shaped as at A, Fig. 2o. 
If the stop Is placed behind the lens, the dis- 
t€>rtion lias curves in the opposite - direction as 
at Bv 

The doublet lens (Fig. 2d) ccmsists' of two such 
lenses with their concave surfaces fading oneanother 


action. It IS solely um:*' I ifirsiudio purposes, and 
is the chief ttJol haiidied by the prelV^.^Ieiial |xirtrait 
pdiotographer. It is al-u an iiditdrable lens for 
lanterii prt.!jectioii pin*|„K,».^e> ; itmi iiitist.lunt,L‘m lenses, 
if not actually port rail are constructed on 

tlie saiiici- fiif>de! witli sliglit cliil'en'iices to mecft Ihc 
altered eoiiilltiuiis of um*. 

A portrait lens mast be with riderence to 

the length of the stinho in widcli ii is to be used, 
and preferably this leiigUi siandd nut be less than 
ahoiii: 25 feet. Otherwise a lens nm>i be employed 
of short foeiis, arnl this can only in* deme at the 
risk of defective pictiu'cs bulb wills regard to cle- 
ilnition and perspective. 

1'wa lenses cd' ijuvid di sign lK,ive recently been 
iiitrodiiced l»y our leading opiieiaiis. One of these 


and the slop or diaphragm |>laeed between, them, 
We have in effect therefore a single lens with a 
diaphragm in front and another single lens with a- 
diaphragm at the back of it. One form of distortion 
is therefore neutralise?! by the other, and the result- 
of the combination is a rectilinear lens, i,c., one 
giving straight lines. 

When the pliotographer is limited to one lens, 


as a beginner often must be, he cannot do better 
tiuin procure a good rapid rectilinear, for it is more 
useful than any other form of lens. It is good 
for architecture, for landscape, is an admirable 
copying lens, will take groups, and will do to a 
certain extent for jKutraitiire. 

A portrait lens, the construction of which is 
Shown in. Fig. 27, is far more limited in its appli- 
'cations. In this form of lens everything else has 
to Holne extent been sacrificed' to rapidity of 
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WOOLLEN AND WOBSTED SPINNING. 


same conditions; and this nroof fnlinw-o • 

proox as loilows: The organism can be found in 

• the washings of infected wools. It can be found in 
the blood and tissues of men who have been in 
contact with such wools. When the fresh blood 
containing it is injected under the skin of animals, 
the animals will die in from one to four days, and’ 
their Wood and tissues will in turn be found'loaded 
with the organism. Blood from these last animals 
may be employed in a .similar way on other 
animals, and with like results. Ordinary Wood, 
fresh or putrid, has either no effect when injected 
into ammals, or if if has, will not produce this 
organism.” The name “wool-sorters’ disease” is, 
^rhaps, too vague, and the malady should rather 
be called “ anthraemmia,” implying a disease in 
wnicli the hacillus anihracis is found in the blood 
22. JVatnre of the Dmase.^Viitil lumj it was 
believed that the disease was caused by the putre- 
faction of simple animal matter, such as pieces of 
skin and blood adheringtotbe wool, which poisoned 

Me blood of the sorter; but the researches of Dr. 
Rabagliati and others show this to be incorrect. 
How, then, does the haciUm mthmeis get into the 
wool ? The Angora goat, the Peruvian alpaca 
sheep or llama, and sheep in all countries, are 
liable to a disease known as splenic fever, which is 
caused also by this same haelllus mtlimds, and is 
practically the same as wool-sorters’ disease. Those 
animals which have it die, and their owners, un- 
willing to lose the wool, shear it off and pack it 
with the wool from the rest of the flock. It is 
either infected by the mere fact of the animal 
having the disease, or some part of the skin is 
clipped with it and thus carries the geirns. These 
fleeces are called '‘fallen fleeces,’’ and can be 
distinguished from the rest ; one of them, if in. 
fected, may contaminate the whole bale, and thus 
cause the sorter to run the greatest risk. Though 
all sheep may have this disease, vet it is found that 
the danger arises chiefly from the following wools, 
all of which arc imported full of dirt and dust’ 
both animal and mineral :~Van mohair, wMch is 
the worst of all; Persian wool; camels’ hair; 
alpaca; Turkey mohair ; brown mohair; Cape 
mohair; and cashmere from Tibet. The total 
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By tVALTER s. B. McLaren', M.R 
{Continued from p. 129.) 

OOL-SORTING (continued), 

20. lY^ol-sorters' Disease. — So much has been 
heard of » wool-sorters’ disease,” that its nature, 
causes, and method of prevention should be briefly 
explained. I or much of the following information 
regarding it I am indebted to Dr, Eabagliati, of 
Lradford, who has devoted great attention to the 
thsease and has written upon it. The disease first 
appears as an ordinary cold, accompanied with 
headache, oppression of the chest, and much per- 
spiration. Then thetemperature gradually becomes 
high, and the pulse irregular, intermittent, and 
weak. A cough comes on, with hurried respira- 
tion ; the puLse gets weaker and weaker, till the 
man dies. The whole illness lasts but three or 
four days. If a post-vwrtem examination is held 
the blood is found to be full of innumerable minute 
germs of fungus, known as lac Ulus (inthraels. 

These bacilli are quite different from blood cor- 
puscles : they are small rods, and are accompanied 
by tiny particles of granular matter. The rods 
measure from to of an inch in length, 
and one-sixth or one-eighth of that in width. If 
some fluid containing these ’ rods,” says Dr. 
Kabagliati, now placed for a few hours in a 
favourable position and warmed, changes may 
generally be seen to take place. The little rods 
p‘Ow by additions to their length, though the 
breadth remains the same, and we may observe the 
liU-le rods of of an inch spread over the 

whole microscopic field. As to the granular 
matter, which can be seen mixed up with the rods, 
there can be no doubt that some of it is spores, or 
seeds capable of reproducing' the whole organism, 
ihe spore often divides into two by a transverse 
division, a,nd these again each into two ; so that a 
spore OTiginally single may become four. If these 
subdivisions be watched in favourable circum- 
stances, they may be observed to lengthen out at 
one side till they produce the little rods, and these 
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be t!ie cheapest oiethod that could be adopted. ' At 
prespiif tiiese bales contain immense quantities of 
dust, spceiiiions of which Professor Frankland, has 
analysed. He finds that the dust of- Tan- mohair' 
contains 58 per cent, of animal nuitter, the. rest 
being niinen'al ; tlie dust of brown mohair has 
51 ])er cent, of animal matter, and that of alpaca 
■10 I'ior cent., niueh of which niiist necessarily con- 
tain iinpure and poisonous matter, to say .nothing- 
_of the fatiil fungus germs which go with it. 

21. Miihiul Ksit/ilbj Emphijcd . — ThcMuethod for 
reiiiovlng the dust employed by those firms :who- 
use these dusty wools is generally somew’hat.as 
follow'^: — The bales are cut open in a small room 
with a false floor consisting of an iron grating, a- 
eon|de of feet above the real floor. A trunk or 
.shaft is conveyed from this space to the open. air, 
and in it is fixed a circular fan.wdiich revolves TOO 
i»r SOO times a minute. It draw's the air from the 
room where the bales are being opened, and blows 
it out into the air; in doing which, so strong a 
draught is created that all the dust, which comes 
out ill <'louds from the bales, is drawn down and 
rarely risc*s to the height of the opicner's head. In 
this way the opener is able to >lutke miudi of tlie 
<lust frota tlie tieeces, ami to give them to the 
sorter comparat i vely clean . I n some m ills, notably 
in that of Messrs. Clougli, pf Keiglilcy, this |>nnci|:de 
is carried still farther. The wool-sorters' boards 
run down the length of a long room. In the sorting- 
board, opposite which each man stambs, is a grating 
about 15 inches square covering the top of an air- 
tight trunk. These trunks are all connected with 
each other below the boards by means of adonger 
one which runs the entire length of the. room. 
Attached to this is a fan of great power which 
tlraws all its air from the gratings, and biow's it out 
of doors, carrying with it almost every ixtrtiele of 
flust which comes oat of the material which the 
men are sorting. Owing, no doubt, entirely to this 
simple but effectual safeguard, no case of disease 
has been known in tbi.s mill. Other remedies have 
been .siigge.sted, such as subjecting the wool to 
great heat to kill the germs before sorting, or 
wa.shing it in hot soap and water, and sorting it 
while still damp, but these are open to many 
objections, and might not in the end prove efiectual. 
The only thorough remedy must be applied before 
the wool is packed — that is, to keep out diseased 
fleeces, and to w'ash the wool w'henever possible. 

WOOL tVASHlNG AND OILINO. 

25. Jh/I' m Having thus far examined 

the nature of w'ool and seen it sorted into its 
difierent qualities, we oome.tp the important, but 
too !|tt^ ejired for,, process of washing. Before the 




. fleece is clipped froni . the sheep s back it is dirty, 
not merely with earthy nmtturs, but with grctase or 
“ yolk,” or yellow oily siib-taiice, wliieh 

a saponified grease, soluble iii eoM water, and 
winch is mainly eaustal by the aeeaniulated sweat 
of tlie preceding year, and by a seercuon hnm ihc 
glands of tlie skin. As laigiii be exj:-eett‘d, this* 
yolk is fouml nio>t abnndaiitiV im .^hcer- ir. hut 
climates, and prevails lo such an extent that ilic^ 
clean w'ool is often only one-tliird of the total 
weight of the fleece*, ilie remainder being yolk jiiid 
.dirt adhering lo it. Merino fleeces jivcangcf To per 
cent, of yolk, 27 per cent, of earthy matter fastened 
by it, and SM ixu* cent, of 'wool, though these 
figures naturally vary aceunling to the district in 
which the sheen liave lived, and take no account of 
the excessive moisture which the wool may contain. 
The yolk itself, or siidorate of poto,ss!iim, consists 
mainly of potash, animal oil, a small fp-iamiry of 
carbonate of potash, traee.s of acetate of potasli 
and of muriate of potash. Tiiere is also a eerrain 
amount of lime and fat tuixud with ii, which tend.- 
to make it ie.ss easily suluble. Thi,- yolk is of much 
value in softening and pr^*^erv^ng the wool whilv it 
is growing, for it botii uii.s it and keeps the sheep 
wartn, ihu.s temliiig to produce soimd.er aud bettor 
wool. The givater qiiaiitityof the yolk, or 
is generally found on the .shoulders, wliere the wool 
is finest, ami w'here also the flesh is superior in 
quality. In hilly countries fanners smear their 
sheep over witli salve, wdilch is supposed to keep 
them warm during the cohl aulimm rngiiis before 
the new’ fleece has liad time to grow long or the 
fresh yolk to be formed, 

26. -It is obvious that all the 

yelk must be removed before the wool can be used 
by the manufacturer, and this slioiild be done in 
such a way as not to injure tlie fibre of the wool. 
In most, eases the farmers wash or half- wash the 
fleece before shearing, and though this has some 
advantages to manufacturer the gain on the 
w’hole is very doubtful. The yolk, in consequence 
of the pota.sh and oil in it, is a most valuable 
manure, while the 'animal dirt wliieh may be 
adhering to tlio fleece is also worth preserving. 
The farmer, however, loses it all by washing the 
sheep in a running stream. The old-fashioned way 
of doing this was for two men to stand in a pool in 
the stream, take one sheep at a time, plunge it in 
the water and scrub it till it was modem! ely 'clean, 
and then let it run about for a few days till it was 
dry, when it wins shorn. A later improvement is to 
put each sheep in a perforated box or barrel, and 
then wash it, the. effect being the same. A still 
more thorough and wiiolesale wray is in itse in 
Australia, where the sheep are fastened into |)cns 
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liiiclerneatli iron perforated ^ Water is forced' 1,000 lb. of raw wool tiiere is on an average 140 
into these pipes with great pressure, and allowed to 1801b. of dry sudorate of potassium, which is 

to run some time till the sheep are half washed, equal to 70 to 90 lb. of piiire carbonate, and 5 to 

They then go singly down a passage till they come 6 lb. of sulphate and chloride of potassium. He 
j to the stream, into which they are plunged, and also states that, when wool is thoroughly washed 

; from which the only egress is by swimming down in water so as to remove all the soluble suint, 

a small tunnel, thus ensuring a still further soaking, and is then treated with alcohol, the latter solvent 

At the other end of this tunnel the sheep is held by extracts a solid and a more soluble liquid fat or 

j a man under a very strong shoot of water forced oil. The quantity of these two substances amounts 

through a pipe, by means of which the cleansing to from 16 to 20 per cent, of the total weight 

is completed. In a few days the sheep is of the washed and dried wool, and varies with 

again dry, and can be shorn. All these methods, , different kinds of wool. These tw'o fats may be 

however, have the defect of losing the yolk; but separated from each other by their different 

when it is remembered that in order to wash, say degrees of solubility in alcohol, and were examined 

1,000 sheep and preserve the dirty water so that by Chevreiil, and named by him respectively, 

either it might be spread upon the fields, or the Stearerin (wool-suet) and Elairerin (wool-oil).’' 

potash and grease be extracted from it, a number The former is a solid fat, melting at 140*^ F., and 

of tanks and other appliances would be needed, the latter at 60^ E. These fats may also he ex- 
it seems rather doubtful whether the saving would tracted from the wool, though not so readily, by the 

pay. Nevertheless the waste of the present system use of alkaline liquids ; and in proportion as they 

is imdeniable. are extracted the wool is injured. It is therefore 

^ ^ Advantages and Disadvantages of Washing necessary to use a method of washing which, while 

, Sheep . — It may be asked, Why should the farmer it cleanses the wool from yolk and dirt, does not 

wash his sheep at all'? why not send the fleeces injure its chemical composition, or draw from it 
* unwashed always, as many do from Australia and the fat which gives it both softness and strength. 

I elsewhere ? The advantages of sheejp-washing are : 28. Adulterated Soap . — The chief requisite for 

^ (1) That if it is well done the colour of the wool is the manufacturer in wool-making is to have a soap 

improved, whereas if not done at all, the wool, if it which will clean the wool perfectly without injur- 
lie long after shearing, may become a little stained ing the fibre, and which at the same time is cheap 
with the grease, and so always have a yellow tinge, and unadulterated. There is nothing which is 
(2) If the washed wool is one-third of the original more easy to adulterate than soap, and nothing in 

weight of the fleece, then two-thirds being washed which detection is more difficult. The injury done 

away, tiiere should be a proportionate saving in the to vvoolien goods by impure soap is great, especi- 
cost of carriage, which, from Australia, is a large ally when they have to be dyed a delicate colour, 
item. (3) When the manufacturer sees the w^ool For instance, a yellow singed appearance is given 
washed, he can value it more exactly, knowing by using soap with much resin, or much alkali’; the 
from experience what it will yield ; but with un- fibre of the wool can also be burnt if the soap is 
wmshed wool it is exceedingly difficult to estimate too strong, especially if the water be very hot. 
correctly what the result will be. To set against But apart from injury to the wmol, the loss in 

these advantages there are two serious drawbacks, money is great if a soap is made up with silicate of 

(1) Wool washed before shearing is not always so soda, and of potash, resin, potato-starch, and 

soft as that with the vmlk left on it, because when water. Common salt, too, is often mixed with 

the oil is all washed out, the horny nature of the soda-ash used in soap, and even earthy matter is 

wool causes it to get hard, and to lose its silky put into it to give weight. A recipe for testing 

feeling, (2) The manufacturer loses the benefit of soap is to dissolve one ounce of soap in a given 

the potash, etc., in the yolk, which he can extract quantity of water ; put it into a long test glass, 
from the dirty soap-suds, and. thus one of his and add a quarter of an ounce of diluted sulphuric 

sources of income — though a small one — is di- acid, or less. The acid neutralises the alkali ; the 

niinished. The advantages and disadvantages grease and resin, if any, float on the top, and the 
ro the manufacturer are perhaps pretty evenly earthy matter falls to the bottom. It is a mistake 
balanced, but the total loss to the farmer of good to suppose that soft soap necessarily contains more 
fertilising manure is undoubted, and much to be water than hard sctfip. The reverse may easily be 
regretted, the ease. Soda soaps are hard, potash soaps are 

Dr. Bowman, who devotes considerable space soft, because it is the nature of these materials to- 
to a discussion of the chemical composition both make soaps, of which they are leading constituents,- 
wool and of yolk, states that from .every hard and soft respectively. But as a soda soap wiU. 
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take up four times as much water as a potash soap, 
and still reiiiain firm, the temptation io aduitemte 
in this way is great. Some soda: is often put into 
jiToh>seu\y potash soaps just because it will hold 
50 much water. 

3U, of Hard irfjfc/*.— If ^washing or dye- 

ing is to he well done, the water must be soft The 
tw!.) chief causes of hardness in water are carbonate 
of lime and sulphate of lime. The former can be 
piwipitared by boiling the water, but as this is too 
costly where water is used in great quantities, it is 
never done. The effect of hard water is well .stated 
by the Tuj^iie Jranif/iieiurer : — When hard water 
is used for dvcdng or cleaning purposes, ; without 
being previously softened, the lime it' contains, in 
many ea^es, destroys and precipitates the dye- 
stuff, an-I in all eases immediately attacks and de- 
(^omposes the soap used. The filkali in the soap, 
that is to say, the soda or potash with which the 
soap is matle, leaves the oil and tallow with which 
it has been combined (forming the soap), and unites 
itself whji the carbonic and sulphuric acids con- 
tained in the carbonates and .sulphates of lime, 
'i'he lime thus ilirown out of combination w^ith the 
sitlphurie rurl carhfmic acids immediately unites 
with the oil ami tallow, forming what is called an 
instdublc linse soap— -a pasty greasy . ^substance, 
whicli has no washing properties, whatever. . This 
is deposited on the fibre of the wool - or te.Ttile 
fabric umlergoing the scouring oj>eraticm, and 
renders the dirt or grease upon them far more 
difficult tt) reinox’e. This insoluble lime soap has 
often a uii>st disastrous effect on goods which sub- 
sequently iiave to be dyed, causing spots and uneven 
dyeing, owing to the insoluble lime soap sticking to 
the fibre of the fabric, and. in many cases being 
onl}' partially removed by subsequent scouring.” 

It is estimated that each degree of hardness in 
the water kills from 1 to 1*7 lb. of good soap per 
1,(XX> gallons of water used. This is entirely 
wasted, and it is clear therefore that the soap can 
have no effect on the wool till the lime in the 
w*ater has tinisluHl its work, and is entirely united 
with the alkali of the soap. Then the washing 
begins, hut now the soap has to wash out not only 
the original dirt from the wool, but also the in- 
soluble lime soap wliich has settled on it; thus 
making for itself, as it were, work to do. 

30. for Sfftemnf^ liT^fer.—The lime 

therefore should previously be removed by some 
other means. Soda crystals, soda-ash, and caustic 
sotla are often used, but as the former are carbon- 
ates of soda, that is, arc already in combination 
with carbonic acid, they cannot do the work so 
quickly or so well as soda in a free state. They 
sdso require the %vater to be heated. It is necessary 




■ alsO' to, use exactly the right quantity according 
to , the- degree of hardness of the water; for if 
more is used than is required to act on the lime in 
the water, the .surplus remains free aial injures the 
wool,.'.. Dr. Bowman states that he treated a 
sample of wool with an alkaline solatiuu uf caustic 
soda which contained 5 ])er cent, of s<Hla. and he 
found that the same fibre.s of \v<jo1 whicli on an 
average carried .lOb grains l.H.-foro treatment, only 
carried 440 grains afterwards, showing a diminution 
of 12 per cent, in strengili, and proving that serious 
deterioration bad taken place. It is not safe 
therefore to trust to the softening of water In the 
washi.ng bowl by the ordinary men ein|ffojc*d as 
washers. The process is inuch too important, as 
the future spinning properties eji the wool depemi 
upon it. It is belter to employ a separate tank 
with the apparatus known a.s the Gurrod Wart-r 
Softener, by which the softening process can be 
carried on effectually and more clieajily. 

As most waters contain carbonate of lirr.e. it 
is a waste to use .soda to precipitate it, becnim(‘ 
the same result can be obtained by using lime 
only, and at a cost so much chen]>cr as to be 
almost nominal. For instam'c. 1 lb, of lime should 
soften the same quantity of water jis lb. of 
soda. If lime be taken at 12s. dd, per ton, and 
carbonate of soda, at £0 5s,, it |)rovi?s tlnit £3 Kts. 
worth of lime %vill have the .same effect a.s £100 
worth of soda. The saving is mere striking 
when compared with the cost of using soap to 
soften the water, for one cwt. of lime, costing* 7-Jd., 
if iwoperly used, will soften as much water as a ton 
of soap.. To obtain such a result, ]iow*cvct, a 
regular w'ater-softening apparatus must be used. 
The accompanying figure shows the Carrod TVatcr 
Softener (Fig. 3), w'hich is avjulable either for the 
lime or liine-and-.soda process. The lime proef?.s.^ 
consists in mixing a certain a.seertainorl proportion 
of strong lime water with the tvater which requires 
to be treated. The lime thus added combines with, 
the carbonic acid which hold.s the carbonate of 
lime in solution in the tvater, and the result Is an 
insoluble precipitate of lime. The maehine is 
automatic in its action, the opening or ela.-^ing of 
one tap starts or .stops it. The lime, or whatever 
reagent is ii.sed, is .mixed %virh water in iron tanks 
placed above the clarification tank, the former 
tanks being in duplicate, so that the mixture can 
be prepared in the one while the other is in use : 
and thus the continuity of the proces.s i.s secured. 
The water to be softened is admitted into the 
claritication tank through a mixing-trough, a proper 
proportion of the reagent passing in at the same 
time and well mixing with it. The requisite; 
quantity is known by an analv.sis of the water ar.d 
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regulated bj the size of tlie nozzles. The respect- 
ive supplies of tlie water and the reagent are 
kept regular by causing the feed in each case to 
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pass through regulating tanks, which are fitted 
with ball valves, and thus the same head of water 
is ensured at all times. The water, after passing 
through the mixing trough, enters the clarification 
tank by means of a pipe carried to the bottom ; it 
then passes upjwmrds, and by the time it reaches 
the outlet it has become perfectly soft, clear, and 
fit for immediate use. The lime and other solid 
matters have fallen to the bottom and can be 
drawn off from time to time. 

Many hard waters contain not merely carbonate 
of lime or magnesia, but also sulphate of lime. 
This is not affected by the lime water. To remove 
the sulphate, the process requires the addition of 
soda to the lime in. calculated quantities before 
mixing with tlie water to be softened. In some 
cases soda alone can be used. 

The following are two examples of the effect of 
f^oftening water by this process. The first is a 
case of most iinnsual hardness, and therefore the 
cost is much above the average. 

Analysis of water before and after being treated 
%vith 0*18 lb. of carbonate of soda and 0*957 lb. of 
caudle .sorhi per LOGO gallons r-— 


Before, 

Sulphate of Lime ... ... 

Sulphate of Magnesia ... 
Chloride of Sodium 

AJter, 

Sulphate of Lime ... 
Sulphate of Magne.sia 
Chloride of Sodium 


Grains per gallon. 
... 20*47 
... 33-lS 
... 4-i32 

Grains per gallon. 
... ■ l*4d 
... 

... 4'9o 


Analysis of water before and after being treated 
with lime only: — 


Before. 

Sulphuric acid ... 
Liine... 

Magnesia ... 

After. 

Sulphuric acid 

Lime. 

Magne.sia ... 


Grains per gallon. 
22*22 
... 11*74 
... 5*00 

Grain.s per gallon. 
... 21*70 


2*24 

3*40 


The cost of this per 1,00D gallons wms one 
farthing. It is obvious of course that this process 
is int^luable for water used for boilers, as well as 
for woob-washing and dyeing, for incrustation is 
practically prevented. 
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and (JuiMs of London Technical College, Fi nsh'tmj. ' 
[Continued from p. 120.] 

CENTRES OP MASS AND AREA-THE LEVER-VEL- 

oerry ratio and force ratio op aiachines 

—MECHANICAL ADVANTAGE, REAL AND HYPO- 

thetical-practical calculations. 

CENTRE OF GRAVITY OR “MASS-CENTRE” 

If a homogeneous body contains a point such that 
it bisects all straight lines in the body drawn 
through it, that point is called the centre of mass or 
centre of gravity of the body. The former term is 
the more accurate, but the latter the more 
common term. 

An application of the law of moments enables us 
to find the centre of gravity of many bodies, 
especially such as arc of uniform thickness, like a 
disc or plate. The same method which enables us 
to find this point in a uniform plate enables us to 
find the similar point (centre of area) in an area of 
the same shape or outline. The method of finding 
the centre of gravity of a solid, such as a pyramid 
or cone, is scarcely within the province of these 
lessons, being usually dealt with in books on theor- 
etical mechanics. As an illustration of the law 
given above, however, one or two cases of interest 
will now be worked out. Suppose, for example, a 
circular disc (Fig. 17) of uniform, thickness 6 inches 
in radius has a square hole of 4 inches wide cut out 
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of it, the centre of one side of the bole being on the 
centre of the circle, find the C.G, of the .remainder. 
We have .here three forces 
to deal with : the weight of 
the complete . disc, acting 
through, its. centre, the 
weight of the square acting 
through its centre, and the 
weight of the part of the 
disc remaining after the 
bole is cut out,, this force 
acting throngb the- point 
whose position we seek. 

The .algebraic sum of the 
nmments of the last two', 
forces about any selected "point ' must balance 
the moment of the first, since we may imagine the 
disc to be composed of the two parts yet complete, 
for it is evident that the moment of the whole must 
be equal to the sum of t he moments of its parts 
about any selected point whatever. Selecting the 
.. centre of tiie disc as our point of reference, and re- 
membering tliat the moment of a force about any 
point on its own line of action is xero— since the 
perpendicular is have 

18 X 2 moment of weight of square. about 

centre of circle. 

(For our purpose may be taken as weight, 
for the disc being of uniform thickne.s.s the weight 
of any part is .simply its area multiplied by a 
constant number.) 

(3’14i(} X BO — id) X moment of cut disc 
about .same point.**- 

Since these monierits act in oppo.site directions, 
they must be equal or their algebraic sum must be 
0, hence 

, 16 X 2=:9T'09T X a? 

The poitit required is therefore on the diameter 
pigissing- through the centre of the sq-uareand -at a 
di.stance o.f , ‘SB inch to the left, of the -centre of 
the circle. Many useful questions may be -worker! 

. out in a similar -way. - 

In all questions where the forces considered are 
due to the weights of loads or parts the forces are, 
or may be considered ns. parallel. They are really 
directed to the centre of the earth, but owing to 
the great di.stance of the latter in comparison with 
any distance we are likely to have to deal wdth, the 
forces may ]>e taken as parallel. The centre of 

^ The .student is prtdialdy aware tliat the area of a circle is 
obtained by ntnltiidyfng the square of its diameter by 7S54, 
« the fwittare of its radius by Si4l6, " ■ ' 
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g.ravity is really that point in a body through which 
the resultant of all the forces, due to gravity acting- 
on the diiferent portions of the body, always passes 
.if we turn the body into different positions. If we 
go into the matter very accurately, it becomes 
evident that only a certain class of bodies Imre a 
centre of gravity, though all homogeneous bodies 
have a centre of mass. 

Sometimes we may recjuire the amounts of 
resultants of a number of parallel forces. Thus a 
very cominon and useful question is to determine 
the supporting forces of a Ijorizontal bcaim loaded. 
.'With vertical loads. 

Suppose, for in.-, 
stance, we are 
given a beam A B 
(who.se -weight may 
be neglected) sup- 
ported and loaded 
as shown in Fig. 

18, and are re- 
quired to find the 
amounts of the two supporting forces « and y... 
Taking moments about the point A, the moment of 
will tlien be (\ and the sum of the moments ot 
the separate lomls must be equal to the moment of 
the SlipjKjrting force y : — 

Hence, 10 x 2 4* 12 x 5 -f 20 x 8 = y x 0 

20 4 60 4 . 100 = 0-5 ?/, 

240 


Fig. IS. 


ory: 


9 - 3 ' 


: 25'26 ib. 


8ince the two supporting forces most be together 
equal to the sum of the loads. 


This question can also be solved graphically by the* 
method for forces not acting through one point, 
described in the last lesson, and as the method is 
extremely useful in many cases this example will 
now be worked out. 

In Figs. 19 and 20 the graphic solution of tho 
question is shmvn. Fig. 19 represents the beara 
with its loads as before. Fig. 20 shows the corre- 
sponding force polygon, whicli really consists of 
consecutive straight lines, AB representing 10 lb., 
B € 13 lb., and c D 20 lb. to any convenient scale. 
It is evident that the supporting forces, being 
together equal to the sum of these loads, -^viil form 
one line equal in length to A b 4 B c 4 c i), Le,, to 
A D. This line should be coincident A r>, but 
I have drawn it a little to one side to avoi<l con- 
fusion. The only matter to be settled now is the- 
proper division of the line, representing the sup- 
porting forces, into two parts. To do this, choose 
any pole o, and join tlie jxile by straight lines to 
the points A B c i>, -which may be called “ corncTfs **’ 
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of tlie force' polj^gon. Taking, an^ point on one: of ' 
the supporting forces— saj, m on tbe force a*— pro- 
ceed to draw the link polygon as in a previous 
example, taking care to have tlirongh the space A 
in Fig. 19 a line parallel to 0 A in Fig. 20, and so 
1 on. The link poly- 

' ' iOit. mb. , L/^/- gon as thus' found is 

Q 0 ciesed ; but rre 

A know that if the 

^ forces are in equili- 

^ brium it must, be 

X £ ' ' closed, hence "we 

, close it by drawing 

Fig- 1^- ' the' line m %, ’ Ko'w 

in Fig. 20 draw the 
line O E parallel to the line last drawn in Fig. 19, 
and this line , o e' , gives us the point of separation 
in :d a required. It. is found on applying the 'Scale 
that one .supporting force b e or y is 25*2 lb. and 
' the other B A or a? is . 

'16*8 . lb., which 

agrees with the an- m 

swer as found by 
calculation. In this 

particular case the 

graphic method 

does not offer a 

better or quicker ° 

so]:'at:ioB, but the 

student should take X. 

'20 

every opportunity 

of making himself 

familiar with the Fig. 20 

method, because in 

many cases it is decidedly superior, for practical 
purposes, to the older method of solution. 

This “ graphic method may also be applied to 
finding the centre of mass of a uniform plate or 
the centre of area of an area, since it enables us 
to find the line of action of the resultant of a 
number of parallel forces acting on one plane. The 
question looked at graphically is not likely to 
present much difficulty. The forces may be taken 
simply as the areas of the different portions 
of the area divided up by parallel lines, each area 
being obtained approximately by inultipiying its 
mean length by its breadth. Notice that the force 
polygon in each of these cases becomes a straight 
line, the successive loads acting dowm wards 
parallel to one another, the resultant or resultants 
acting parallel to these but upwards, and in 
amount just equal to the sum of the loads. In the 
case of the centre of area it will be necessary to 
tind the position of the resultant for two directions 
of the forces, i.e,, after the resultant is found in 
on<? position, let the area be turned round through 


an angle— say 90°— and the operation repeated. The 
two lines showing the position and direction of the 
resultant in the two cases will cross at the centre 
of area required. The practical man will do this, 
probably, by cutting out a uniform plate of tlie 
given shape, suspending it from a point near the 
edge, and suspending a plumb-line with bob 
attached from the same point, marking the dmec- 
tion of this line, and then repeating the operation 
for another point of suspension, the body being 
turned through an angle ’which should be nearly 
90®. Balancing the plate on a knife-edge also offers- 
a ready practical solution. The examples referred 
to here have been given rather as illustrations of 
useful methods than on account of their own 
importance. 

THE LBVEB AND ITS COMBINATIONS, 

Of course the student will see that any question 
regarding the equilibrium of a lever can usually 
be settled by an application of the law of moments. 
Let moments be taken round the fulcrum or point 
about which the lever turns, and the algebraic sum 
of the moments of all the forces acting on the lever 
must be zero if there is equilibrium. If the fulcrum 
is not at the centre of gravity of the lever, then the 
weight of the lever itself will form one force, which 
must be taken into account. Combinations of 
levers present little difficulty. Thus in Fig. 21 the 
lever ab has arms in the ratio of 4 to i, hence 
a force of 40 lb. will be required at B to balance 
the load of 10 lb, at A. But the force may be 
applied by the longer arm of another lever CD; 
and as in the figure the arms of this lever are in 


< — — -> 1 ^ ■ 

^ 


the ratio of 3 to 1, it is evident that the force f 
must be equal to 3 times 40 or 120 lb. if there is 
to be equilibrium. Combinations of this kind are 
very often used, as for instance ixr weighing 
machines, and it may be interesting to close this 
part of the lesson by the solution of a practical 
question of this kind. 

Fig. 22 is a sketch of a weighing machine, M n 
being the platform on wliich a load w is placed. The 
w^eights of the various levers, etc., and their dimen- 
sions being given as in the sketch, it is required 
to find the load on the platform which will be 
balanced by the movable weight of 30 lb. when 
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that weight is 3 feet from the fulcrum E of the 
weighing lever E F. Let us begin with the lever 
E F, the condition of equilibrium for it is as 

follows:— 

30 X 3 -f 3 x 1 X L where x is the pull in- 
I he rod G d at, its hwer end. From the equation 



.r is evidenth* 100 lb., the pull in the rod C D at 
its upper eml is 190 -f tlm weight of the' rod = 
100 lb. This will readily be understood on con- 
sidering that if the rod were loaded merely by its 
own weight the pull on it at its lower end would 
be i\ and at its upper end G lb. Add the load 190 lb. 
to both, and the resuit is as stated. ■ . 

Now considering the lever CB, its equilibrium 
gives us the condition 190 x 4 -f 10 x 1 x 1. 
where p is the xmll in tlie rod b cat its vpper end. 

From this 7/ =794 lb., hence the pull in Beat 
jt« lower end is 71H— 10=:784 lb. 

The last lever A b will be balanced if 

■ TS4yxG=rw^x 14-20 X 2, ■■ 

or W' =: 4Gl>4 lb. 

Thus the load on the platform is 4,G04 lb. when 
the movable weight acciipies the given position. 

The readtw who has followed carefully what has 
been done in the solution of this question will not 
have any dhliculiy in solving any ordinary question 
connected with levers. Kemember to take moments 
about the fulcrum— as affording the shortest solu- 
tion, and take all the forces into account. 

In the older books dilTerent orders ot lever are 
spoken of, but these ‘‘ orders are not now recog- 
nised. Tile saino law applies to all levers, and there 
is no object in complicating matters by considering 
as a new order” of lever one in which the 


■ fulcrum is changed into a different position relative 
, to a certain load or loads. 

The student shoiilcl make himself familiar witli 
the various matters introduced in this lesson by 
working practierd example.^. 

VELOCITY llATTO AND FOBCK KATIO OP MACHINES. 

. ■ ' ■ MECHANICAL ADVANTAGE, ETC. 

Let US now apply our law of work in tlie study of 
a xCw simple machines. It is scarcely nece.ssaiw 
to give a deiinition of the term ‘“machine”; every- 
one knows what is meant by tlie word. A machine 
is* a collcctioa of parts or eleiiicmts working to- 
gether, and by it energy is either transformed, or 
applied to a particular piirpo.se. Looking at the 
matter from the point of view of a iiiacliine 
may enable us to exert a great force at a certfdn 
place, and in a particular direction, by the appli- 
cation . of a comparatively small force to some 
porthm of the rnaeldiie. 

Tlie rcloviiij raHa of a machine is the ratio of the 
x'eloci ty of this latter force as compared with tliat 
of the load. It is evi^lent that if tlicre were no 
friction and no storage of energy, all the energy 
given to the maclunc in the application <.f the 
motive force would bo given out in lifting the load. 
Thus, if the a]'q)lied force v act tlirough r feet, 
whilst the load is raised 1 foe»t— tlie velocity ratio 
of the maeliine l»eing therefore r to 1— p x r mats 
of work are given to the unteljine, and w x 1 units 
are obtained from it. On the supposition already 

made, p i 

. V X 'rwalT X 1 or t . 

And thcylo’cr ratio rf a, ??iacliine is the rceiproeai 
of its veloeitp ratio, if there is no friction. 

The more slowly a force moves the greater is its 
amount, or as the old and somewhat inexact ruh* 
had it, “ what is gained in power is lost in speed.*' 

The ratio of ™ is verv often called the meelmnieal 

■ p. 

adrantaga of a maeliine, expressing as a ratio the 
adra? 2 ta//e in relation to force gained by the use of 
the machine. Now, if there were no friction, if in 
fact the machine were of iliat ideal kind described 
in the older books on mccliiinics, it Is evident that 
the mechanical advantage would be the same, 
iiiimorically, as the velocity ratio of tb.e machine. 
It w'ould also be constant,, since the velocity' ratio 
is, in most cases at least, constant, having reference 
merely to the relative sizes of certain parts of the 
machine. This we shall term the hi/potluiieal 
mechanical a<ivantage of the machine, as distin- 
guished from the real mechanical advantage wlilch, 
as we shall see presently, can only be obtained by 
experiment. With these preliminary statements 
consider a few single machines: first, on ^le 





Iiypotliesis of ^ no friction,; second,. a,s the machino 
■ actually exists, taking f rictioii: account. 

THE I^’CLIXED PL.VXE. 

\Jne of the sii.n|.*lest elements is the inclined 
|jlane, formerly in ucii used in the raising of great 


weights, and still employed in rarioLis ways in 
machines. ' ' , ' 

Let the, we,ight w (Fig. 23) be. drawn with a 


nniforrn velocity a distance I feet up the plane by 
a force p, as shown. Let h feet he the vertical 
height through which w is raised when it moves 
along I feet of the slope, then if tliere is no waste, 
and no storage of energy, the law of work tells us 
that , , 

P X X /f 

ihe mechanical advantage of the inclined plane 
is tlierefore the ratw of its leiigth to its kmglity 
which, of course, is the same as the ratio of any 
length measured along the plane to the difference 
of level of the ends of this length. 

In this case the force is applied parallel to the 
slopo<i^ff‘ the plane; but if it were applied parallel to 


the base of the plane^ the rule would be p x l-rz 
w x Ji, since p would fall a distance equal to the 
base of the plane, whilst w is raised through the 
plane s vertical height, and hence the mechanical 

advantage ^ would in this case he of pLine^ 
^ height. 

^ It is very easy for the student to arrange a simple 
piece of apparatus to illustrate roughly this law; 
but great difficulty will be experienced if it is 
desired to arrive exactly at the result here given, 
as friction can Qiot be eliminated. 

THE SCPEW. 

The screw may be regarded as an application 
of the principle of an inclined plane; the force 
usually acting parallel to the base of the plane. 
This will readily be seen if a piece of paper is cut 
to the shape of a right-angled triangle, and then 
W'rapped round a cylinder, the base of the triangle 
being, say of the same length as the circumference 
of the cylinder, and placed parallel to one end of it. 


It is now evident that the sloping side, or In'q^o. 
thenuse of the triangle forms the outline of a 
screw surface, and the height of the triangle is the 
same as the pitcJi of the screw. We define jy if c/i. 
in this connection as the distance, measured 
axially, from the centre of one thread or con- 
volution of the screw to the centre of the next, the 
screw being single-threaded. It is evident that 
this is also the distance by which the screw would 
move axially, if turned once round in its nut. 

The different shapes and angles of screw-threads 
will be fully discussed in the lessons on ^Machine 
Construction. There are a great many applications 
of the screw in practice. The screw-jack, shown 
in Fig. 24, is often used for raising weights. Let 
the force r be applied at the end of the handle. 
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md let it raise steadily a weight w, Alien if p .goes 
once roniitl, the weight will be .raised a distance 
t*qual to the pitch of the screw.- Hence 

F X circiimference of circle which.. it describes 
w X pitch of screw, . 

w circumference of p*s ' circle 


strength receives a motion of translation so as to 
occupy, position 2 or h. and in cither case a current ib 
generated in it, wliose hareciion is siiown by the 


aitch of screw 


I need hardly point out that in all eases where 
a rntiu is given both termi> of the ratio, f.tc, the 
numerator and denominator of the fraction repre- 
benti!3g rhe ratio, must be expressed in the snme 
ii/iits when a calculation is made. 


ELECTRICAL EN-GmEERIXa.—IlI 

By Edward A. O'Keeffe, B.E. 

Ahhir Btmf’iisiraii^r in Eketrkul Enyinferlnff^ Cltii and O'cii'X- 
- lAmdon Tecfmmil Volkge, Einubnrih 
iCmdimi€d/mm p. 1Q4..]- 

■ Ti;l,E DYNAMO { eontmued ). 

ELEMEXTAIIY FKINCIFLDS ii’ORfoafe/). 

The flowing of the current generates lines of 
i'oree, an<l the converse proposition is also true, 
namely, tJu; setting up of lines of force round a 
wire generates a current in it. If a loop of wire 
be mo?e<I from a disutnee close to the pok‘ of a 
magnet, so as to allow a number of lines of force to 
pass through it, a current will be induced iu the 
loop as long as the motion lasts, but will cease as 
soon as the loop has come to rest ; if the loop be 
now withdrawn another current will be induced in 
it, but in the opiposite direction to the previous one. 
In each ease the induced current is iu siicli a direc- 
tion as to exert a magnetic force which tends to 
oppose the motion of the loop. The motion of tht^ 
magnet up to, and from, the loop would have 
produced exactly .similar effects. These currents 
are generated by the insertion and withdrawal of 
the lines of force from the loop. The mere fact of 
lines of force passing through the loop does not 
generate a current, however great the number may 
be ; it is the eJm^je m the nntnher of suvh lines that 
gives rise io the eurrent, tvhese stmigth is proper- 
timial to the rate at mhieh the change tahes place. 

Fig. 7 illustrates the case in which a loop of wire 
is situated in a uniform magnetic fiehl, the 
uniformitj of the held being denoted by the lines 
being at equal dishinces apart. If this loop, 
Airiginully occupying the position marked 1, receives 
a motion of translation, so as to occupy position 2 
or 3, there will be no current genenited in it since 
the number of lines of force passing through it 
remains unaltered during the motion. 

Fig. 8 illustmtes the case in which a loop origin- 
ally occupying position 1 in a field of variable 


arrows. In both these cases the number of lincb 
passing ihroogli the loop is diiniuished during t lie 
motion, and it is this diminution in the lunalHU’ of 
lines that .sets up the E.YLF, and consequently the 
(uirreut in the conductor. If the loop originally 
uccupied position 3. and was moved into position 2 
or 1, it would also have currertts generated in it. 


siiiil 


but these currents w’ould iiow in the opposite direc- 
tion to that indicated by tlie arrows. Tlie reason 
of tlie change of direction of the current is obvious 
when we consider that the number of lines passing 
through the loop during its motion is now being 
increased, whereas in the previous case it tvas being 
decreased. ■ ■ 

■ Fig. 9 illustiutes what happens when a loop 
originally occupying position i is made to rotate 
into pos!tion.s 2, 3, 4, 5, d, 7, and 8 successively in 
afield of uniform strength. From position 1 to 2“ 
the number of lines pressing through it is heitig 
diminished, and a current is therefore generated in 
it which flows as .‘^hown by rhe arrows ; from 
position 2 to 3, the lines are still being diminished, 
and when in position 3 no lines are passing through, 
a current is therefore generated in the same direction 
as before. From 3 to 4 the lines are increasing, but 
as they are now passing tlmough the opposite fRce of 
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the. loop tlie cnrreur geinera,.ted is still in the same 
direction as before : diminishing the mimber of lines 
passing through one face of the loop has therefore 
the same ellect as increasing the number passing 



through the other face — both operations tend to 
.generate a current in the same direction in the loop. 
From 4 to 5 the lines are still increasing, and on 
reaching 5 they are at a maximum. From position 
1 all the way round to 5 the current is therefore 
.generated in the same direction in the loop. From 
5 to h the lines are diminishing, and therefore the 
■current is generated in the opposite direction in the 
loop, and the same action continues from position 

to 7 ; at position T there are no lines passing 
through, but from 7 to 8, and from, 8 to 1 the. lines 
.are increasing,bttt are passing through the opposite 
■.face. From position 5, right round to position 1, 
the current is therefore generated in the same 
direction in the loop, : and this is the opposite 
■direction, to that in which it was generated while 
passing from 1 to 5. 

In Fig. 9, if instead of considering a single loop 
•of wire moved into different positions in a magnetic 
lield, we consider a continuous circular spiral, we 
:siiall find a very similar state of things happening. 
Such a spiral is shown in Fig. 10. It is supposed 
to be mounted on the axis o, and to be turning in 
a clockwise direction in the magnetic field round 
that axis. In every loop of this spiral it is clear 
that an E.M.F., and consequently a current, is 
being generated, and it is equally clear from Fig. 9 
that in the right-hand half of this spiral all 
E.M.F's. tend to drive currents in the same or 
•downward direction ; also, in the left-hand side of 
the spiral, all the E.M.F’s. tend to drive currents in 
the same or downward direction, and that these 
■currents meet at the lowermost point of the spiral. 
If both the lowest and highest points of the spiral 
a sliding contact with two conductors h and 


which forpa the terminals of a complete external 
circuit, a. current will flow out of the spiral through 
through the external circuit and back to the 
siflrai through ^ 1 . I'his arrangement, shown in 
Fig. 10, is really a dynamo of the Gramme tvpe. 
The magnets N and s which give rise to the 
magnetic field are called tlie fiel^-magnets^ and 
may be either permanent steel or electro magnets ; 
the rotating series of loops is the amiatufe, and in 
this particular form it is known as tiring armature ; 
and the sliding conductors h and hi which carry ofl 
the current from the armature arc the hritslies. In 
dynamo practice the loops of wire are invariably 
wound on an iron ring, which, besides making the 
arrangement a sound job from the mechanical 
engineers point of riew, has also a most important 
bearing on the electrical side of the question. The 
substitution of iron for air, or any other non- 
magnetic substance, as the core of the spiral has 
the effect of enormously incr easing the mmher of 
lines of force that pass through the loops. IThere 
the number of lines passing through the loops 




might in Fig. 10 be counted by hundreds, the 
insertion of an iron core would increase tliis 
number to thousands or tens of thousands. The 
effect of the iron is to multiply the number of lines 
which pass through the spaces. 

Increasing the number of lines passing through 
the loop at a definite rate produces exactly the 
same strength of current as would be produced 
by decreasing them at the same rate, but the two 
currents are in opposite directions. The strength 
of the induced current is proportional to the rate at 
which the number of lines of force passing through 
the loop is changed, or, as it is more usually ex- 
pressed, upon the mte at which the Urns are cut ; a 
strong current can therefore be produced either by 
increasing the strength of the field — that is to say. 
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by having* a larger number of lines per imit area, or 
bj increasing the area anti the speed of the loop. ■ It 
is, however, impossible to have a field whose 
strength is beyond a definite amount — as will 
subsequently he pointed out'—whilo purely me- 
chanical considerations limit the speed and the 
area of the loop. If, instead of using a single loop, 
the wire had been wound into a coil of many turns, 
the E.M.F. induced in it would have been propor- 
tional to the number of those turns. The increased 
EAI.F. thus obtained would not produce a corre- 
sponding increase in current, since' the .increased 
length of the wire would introduce an additional 
resistance into the circuit. The induced E.M.F. is 
therefore proportional to three things, namely, the 
'nnmher of iuriLH rf mrc on the eoil, ike mimher of 
Une^ of force cut, and the rate at wklckthe euttmj 
occurs^ or, expressing it in symbols— 

E X ,s* X, 

where h expresses the number of loops of wire of 
which the coil is made up ; 

„ A' ,, speed of the coll ; or, the 

number of times the lines 
are cut per- second ; 

N „ the total number of lines of 

force ijassing through the 
coil from one side to the 
■ other; :■■■; 

' - n- ' E total induced -E.M.F, ■ ■ 

In ortif?r that this formula shall be available in a 
practical form, it now becomes neces.sary to refer 
to the units which are used in practice. When 
a h)oj} ents Imea of force at the rate of one line per 
^eamtl^ there mil he anit elect romoth'c force gene rat cil 
This unit E.M.F. is expressed in -the G.G.S. 
(centirnotre-gramme-.second) system of units. This 
system of nrdts will be dealt with in detail in a 
later chapter, for our present purpose it is sufficient 
to know that there are 1()0,OCH.\000 C.G.S. units of 
E.M.F. in one volt, and therefore the above formula 
becomes 

E (ill volts) : = — 

KKXOOClOOl) 

or, as it h more usual to write it, 

B=znb X nr* 

Wo can therefore calculate the E.M.F. in volt.s 
generated in any circuit wdien we know the strength 
of the field, the number of loops, and the speed. 

One of the earlie.sfe types of dynamos, and one 
which most clearly shows the manner in which the 
principles jast laid down are utilised in practice, i.s 
the Pixii machine. 

Fig, 11 illustrates the principle of this machine. 
'SH Is a |KJwerful horse-shoe magnet, with its poles 


pointmg.vertieally upwards, and capable of rotating 
about a \ertical axis .passing through its central 
point. Above this magnet :are .fixed two coils of 
wire, p wound on heavy soft iron cores, a and h. 
which are joined at the top by an iron yoke. Let 
us consider what happ-ens when the north ixde, x, 
is approaching the core a at the same time tisat 



Fig. ll.—PReVCIPLE OF THE PiXll MaCHINK. 


the .south pole, s, is approaching the core k The 
pole X, on its approach, will send through tin* 
core a a continually increasing number of lines of 
force, ■which will bo cut by the coll, and which wdlf 
therefore induce a current in that coil whose 
dii*ection will be such as will tend to op|X)se thf‘ 
motion ; that is to say, a current will be Induced 
in the coil in such a direction as will convert it 
into a north pole, which will repel the approaching 
north pole. The direction of this current is. 
according to the Amperian rule, in a counter-clock- 
wise direction — as viewed from the pole — as is 
indicated by the arrow-heads on the wire. 11 k- 
same line of argument shows us that the other coil 
will be temporarily converted into a south pole, 
with the induced current circulating round it in a 
clockwise direction, as shown by the arrow-liead>. 
As the coils are wound in opposite direct ion.s on 
the two cores, these induced currents flow through 
the wire in the .same diretaion, coming out at tho 
point p% tiowing through the external circuit, and 
returning at the x>oint /n When the poles of the 
magnet have come opposite to the ends of tliecoro. 
the maximum number of lines of force is passing 
through the coils, and therefore any further rotation’ 
of the magnet begins to withdraw the lines. 

This withdrawing of lines of force from the coils 
generates currents in the opposite directions to t}^o.se 
in which they previou.sIy fiaw'od, and hence the 
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core a will be converted into a south and h into a 
north pole. These temporary poles will now exert 
ibrees of attraction on the receding poles of the 
revolving permanent magnet, and the mechanical 
energy which must be expended in raaintaining its 
rotation against these forces is the equivalent of 
t he electrical energy generated in the coils* In this 
machine the direction s of the current in the coils is 
reversed each time the poles of the magnet pass be- 
neath the ends of the cores a and h ; that is to 
say, the current in the circuit is reversed twice 
during each complete revolution of the magnet. 
8ach a current is usually known as an altermtiiiff 
eurrent, and the machine as an alternate-cuTTent 
dynamo. It is possible, however, by the addition of 
‘Cl comm utator to make all these currents flow in the 
same direction through the external circuit, and 
when this is done the machine is known as a eon- 
tiiiuou^ -current dynamo. 

The commutator devised by Pixii and used by 
Idm, in his machine is illustrated in Fig. 12. 


section Ma of the commutator from the point iq, 
where it leaves the coil ; this current returns to the 
coil through /j, Mj, and Fg. As the magnet and 
commutator rotate— the brushes being stationary — 
the current is reversed at the instant that the 
brushes, and/g, pass from one section of the com- 
mutator to the other. This reversal of the current’s 
direction evidently occurs when the poles of tho 
magnet pass beneath the cores of the coils. If the 
current had been continuous in the coil, this 
changing of the external brushes on the com- 
mutator would naturally change the direction of 
the current in the external circuit ; but as the 
direction of the current in the coil is changed at 


Fig. 13.— Pix'ii’s Machine. 

the same instant, its direction through the external 
circuit is maintained constant. 

The complete machine is illustrated in Fig. 13,, 
where it is seen that the magnet is made to rotate 
by turning the large wheel below. 

SIEMENS’ SHUTTLE-WOUND AEMATUSE— THE 
BRUM ARMATURE. 

In 1867 Siemens brought out what is known as 
his shuttle- wound armature, which was a decided 
advance on anything that had preceded it. Fig. 
IT shows the maimer in which the armature is 
wound, as well as its position between the poles of 
the field-magnets marked n n and ss. The frame 
of the armature is an iron core, of the shape shown 
in the upper part of the diagram, and is mounted 


Fig. 12.— Fixii’s Commutator. 


It consists of a short brass tube, mounted on the 
same shaft, A, as the rotating magnet, and cut 
into two portions, Mj and Mo, which are carefully 
insulated from each other, as is indicated by the 
thick black band shown between them. This 
insulating substance usually consists in modern 
dynamos of mica. The ends of the wire marked s, 
which is the armature coil, rest one on each part of 
this commutator at the points Fj and 'Fo, by means 
of flexible metallic brushes. The ends of the 
external circuit s also rest, by means of similar 
brushes, on the commutator at the points /i and 
Th^ current, as silowm, is flowing into the external 
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%]r. tbo axlF, as. A single turn - of - w-ire.-is .shown 'the armature there must be a certain point at wiiicli 
wniind in position on this- core, and this wind.iiig ■ - no cuiTent is being generated, which implies that 
Is ccmtiiiued till the gap in', the core'is comp]ete.ly the coils are cutting no lines of force. The cj-cle 
filled up, and further, till, the armature has assumed ■■ -of changes through which the current passes is as 
a circular fonn. The increased miuiber of turns of ' 

wire sitiiplj add to the E.M.F,.; the study of wdiat /■'“i'" — 

lakes place in a single turn will suffice for a-lL - .On 

the shaft that carries the a.r.niatiire are situated two - x ^ 

insulated brass rings, at the points marked A and- / \ 

M, which act as the-: eoilectes, and on these - I 

fLSt the metallie brushes, 1 and 2, through which / X ' 

The current is transmitted to' the externarcirciiit. ■ 

One end of the wire on" the, armature is. cminected ■ | i* 

tu the ring, M, whilst the 'other end is connected -to | ' 

the ring A. The imrtli pole of the iield--mag.iiet is / 

marked x x, and the,, south pole, S; the .large ’ f 

a!T'‘uwdieatl indicates the, directioB' in -'which the // 

armature is supposed to. be- rotating. . / 

Lines of force pass through, the -armature , in 

going from the pole x.x to, .the pole s, and the / / ^ 

cutting of these lines by the coils generates cur- I f a » 

rents, wIiostMlirection can be, determined by the I \ ' 

rule already given. In the position of the arma- \ ■ r 

I rire .''hrnui In the upper figure, one flange of the ■ 

uriiiatiiiT‘ cmrc is approaching the ufuth jjole of . 

the ilcld-njagnef, whilst the other Is approaching the 

soutli pole, and lines of force pass through and mag- - 

nctlse It, convi'rting the flange near X x into a south 

|K)le, ami the flange near s into a north pole. This A 

|•H>lJiri^y is Indicated on the armature by the letters 

x'A'and %n. The direction of the current induced y'f 

i.»y the insertion of these lines through the coil 
irnist be such as will produce a force tending to 
slop the motion of the armature. The direction of 

the current through the coil which will produce / 

! bis effect is .shown by the small arrow-heads on ^ Y 

the ..coil, as "Well as 'the arrow-heads, c and ff, on ® 

the wires of the external circuit. The coil is ^ ' 

.shown in the 'positio.n where it is leaving . the / 

north pole and approaching the south pole, and / ,f 

the current in it exercises, according to Lenz’s | i c- 

law, a force of attraction on the pole which \ 

it is about to leave, which force clearly tends to 

^top the niotfo!! of the armalnre. In the lower 

|X>rtion of the diagram, the armature is shown ^''*=***«^ 

-after hav.iiig passed .through half a 'revolution; Fig. 14 ,.— Sie»i:e,-n 3 ’ SnuTTLc- W ound Armatuu!';. 

tind it will be seen by the arrow-heads that 

though the current flows la the same direction follows : — Starting at zero, it rises to a ma.xiinuni 

relative to the field -magnets — which it invariably at the end of the first quarter of a revolution, and 

does—it passes in the opposite direction through returns to zero at the end of half a revolution ; it 
'the coil. then increases to a maximuru in the negative 

In the upper diagram the current flow’s into the direction at the end of the third quarter, and x\‘- 

oxternal circuit through the brush marked 1 ; while turns to zero at the end of the fourth. It will 

in the low’er diagranx— -after the coil has passed thus be seen that the current generated by this 

through half a revolution— the current flow’s from machine is not only intermittent in its action, but 

the terminal % Between these two positions of is also alternating in its direction. ** 
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! / TECH:FICAL EEUCATIOK:' 

' ABEOAD, 

By Sm Philip Maghls. 

( Into the origin of technical schools abroad the 
space at onr command does not enable ns to enter. 
The succession of improvements made in this 
country in the iip.plication of steam power to manu- 
facturing industry enabled Ais for many years to 
I maintain a position of supremacy: in engineering 

and many other trades. The change brought about 
by the gradual conversion of handicrafts into 
i manufactures gave us at first a great advantage 

over our foreign neighbours, owing partly to our 
native inventive skill, hut mainly to the range and 
extent of our coal and iron fields. In many depaxt- 
meiits of industry our foreign neighbours were left 
far behind us, and very naturally they considered 
the best means of attracting to themselves some of 
the trade which was then so briskly carried on in 
this country. In natural resources they were de- 
I ficient ; and in order, therefore, to foster the growth 

‘ of industry in their own country, it wms necessary 

to i)ra‘Ctise the most rigid economy in the use of 
materials, and to bring to bear the highest skill 
and intelligence in the processes of production. At 
first, they availed themselves largely of the ex- 
j:. perience we liad acquired by sending to this 

I country some of their best artisans to learn our 

I methods in our own workshops ; and in order to 

i 'give .time for the growth, and development of their ■ 

new manufactures, 'they imposed, protective duties 
on most foreign imports. Owing probably, to the. 
very disadvantages under' which they started, they 
recognised much sooner than we did that trade 
. and ' commerce w^'ere professions with a theoretical 
' as well as ,a i;)ractical side, analogous in many- 

respects to medicine and Jurisprudence, and that 
the theory, at least, could be taught in schools 
similar to those in which physicians and law^yers 
received their academic training. This was a great 
step in advance. They saw, that underlying the 
f practice of trade and commerce is a knowledge of 

the principles of various branches of t^cience, and 
that the teaching of these principles, in their appli- 
‘ cation to manufacturing and commercial purposes, 

could bo efficiently and advantageously conducted 
in schools specially organised and equipped. We, 
in this country, have now* readied the same con- 
elusion. But it was not till the publication, in 1S84, 
of the restilTs of the inquiry of the Royal Commis- 
sion on Technical Instruction that the extent of 
5 the iniiuence of school teaching on the successful 

I development of trade w^ns fully understood and 

recognised. 

■ | IiT considering foreign systems of technical 


13 



instruction certain general principles maybe noted, 
which are probably of wider interest than the de- 
scription of special institutions, and of the purposes 
they severally serve. What first strikes the inquirer, 
in visiting technical schools abroad, is the close- 
connection between technical and general educa- 
tion. When the subject of technical education was 
first brought prominently iinder the notice of tlie 
people of this country, it was thought that technical 
education wvas a means of teaching particular 
trades, and was mteiided to take the place of 
apprenticeship and workshop practice. To a very 
limited extent, and under certain conditions, this 
is doubtless the case. But abroad one soon sees, 
that technical instruction does not mean a distinct, 
or new kind of teaching, but rather the adaptation 
of the general instruction given in schools and 
colleges to the requirements of new occupations. 
The fact, that the methods of production and 
distribution, in which the great majority of the 
working population of a country are necessarily 
engaged, have during the last half-century under- 
gone a very considerable change, has necessitated 
a corresponding change in the character of schboi 
instruction ; and it is rather in the form of instruc- 
tion than in any special teaching that the advance 
in technical education abroad shows itself. 

Another matter of general axjplication worth 
noting is, that the problem of technical education 
may be approached from the position of the masiers 
or from that of the workmen. In Germany, greater 
attention has been given to the higher education — 
to the training of the officers of the industrial 
army ; in France, on the other hand, whilst the 
higher training has been by no means neglected, 
the technical education of the artisan has been 
chiefly;^ considered, and provided for. Thus France 
is the home of the apprenticeship school, and 
Germany of the technical university. Much is to 
be said as to the paramount importance of giving 
the highest possible training to the masters of 
industrial concerns, and such general education 
only to the operatives, as shall enable them intel- 
ligently to obey orders, and to carry out the instruc- 
tions of theii- chiefs. On the other hand, it is 
recognised that superior skill in artifice, and the 
more general avoidance of error in manufacturing 
industry, are shown when the workmen possess 
some knowledge of the principles and details of 
the work in which they are engaged; whilst from 
the workman’s point of vietv, and having regard to 
Ms interests and advancement, this special know- 
ledge is of the utmost import ance. We, in England, 
m-e endeavouring to combine both systems. We 
recognise that in some industries, requiring for 
their successful development the application of the 
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highest scientific Imowledge, the technical instruc- . 
! inn of the masters and managers is most needed : 
whilst, ia others, the careM training- of the artisan, 
which can only be obtained in a special school, is 
equally essential. 

The most rapid survey of technical instruction 
abroad shows us, that no one system can be pro* 
nonnccd the best, but that the methods of teaching 
a,nd of school organisation must -be adapted to the 
genius and habits of the people, to the climatic and 
otlier conditions under which they live,, and 
generally to the purposes which the education is 
intended to serve. It must also have: a distinct 
reference to tlie pre'-exlsting system of education, ■ 
which maybe modified, but cannot be wholly trans- 
formed, to suit the wants and requirements of new ■ 
industrial developments, 

Germany and France are certainly the most ir.- 
. teresting countries in wiiich to study the problem of 
technical education. In Germanvq till very recently, 
the main object of technical instruction has been 
tiie training of masters and managers, of those wlio 
<lircct engineering or manufacturing works ; and i!i 
the methods and results of such training the Ger- 
mans have been most successful. The institutions 
in which lias education is provided were formerly 
called polytechnics, but are now generally known 
its technical high schools, the term Huchsehulc being 
synonymous with university. Of .such institutions 
t-here arc seven in Germany bo.ddes those in Yiemui 
and in other parts of the Aiistriaii Empire. Of 
tliese the largest and most important is the ono 
recently erected in Charlottenburg — the fashionable 
suburb of Berlin. It corre.spond.s in its general char- 
acter with the City and Guilds Centra! Institution 
at South Kensington, but is many times as large*, 
and ha.s been erected and is maintained at a much 
greater cost. Some idea of the comparative size of 
these institutions may be gathered from the tacr 
that the City and Guilds Central Institution w’as in- 
tended for about 200 .students, and the cost of erec- 
tion and equipment was about £100,1X10. The Berlin 
i institution has aceonimo(Jation for 2,lX>0 student.^, 
and the number In attendance is over 1.500, whilst 
tiic cost of erecting the main building, which does 
not include the chemical laboratories, excciuled 
£400,000. The courses of iii.struction embrace the 
live faculties of architecture, civil engineering, 
nicehanical engineering, chemistry and metallurgy, 
and general science. The teaching staff of all 
grades numbers eighty-six professors and lecturer.^ 
and twenty private tutors. Every department of 
science bearing upon constructive or productive 
industry is represented by a specialist. It must 
not, however, be supposed that the purpose of such 
institutions is to train students in the details of 


any particular profession. The instruction is prac- 
tical in so far a,s the' teaching of science is neces- 
sarily practical, but it is also thcorcticnl, and its 
main object is the elucidation of principles, and 
the promotion of scientific research iu connection 
\s il li indinstrial problems. The inethods t h' tCLiching 
adopted iu these technical Institutions do uo! 
ap{)reciubly differ fruiii tlnt.so pursued in lie* 
:univei>ities, ami the question lias been seriousl.y 
discussed wdiether there is any real advantage in 
separating such iustitution.s from the universities. 
Indeed, in the chemical faculty thedr fiiiietioli.'. 
cannot be easily distinguislmd ; and the lal)oratoi'k*A 
of the university have contributed to the progress 
of industry as man}" useful men and as valuabh* 
results as the laboratories of the polytechnic. To 
■ the facilities for higher scientific education, which 
are provided in the universities and polyteci^lie^, 
the Germans owe much of their industrial succes.> ; 
and altliraigh the expenditure has been large, and 
judged by our own standard, somewhat wa.^tefnl 
the coimnercial results realised have been fully 
conimensuratc. 

In Genuany, students enter the judytcchiiic at 
about lb years of age, after completing their 
cf)ursc of iitudy in a gymnasiuui or limhehih. In 
the>e schools the ciirricuhini does not embrace 
;uiy .st5idit^s of a strictly technical character. In 
the gymna.'Hinm it is mainly classical, and in the 
mtl (or nicKlem) school the course of study is very 
.similar to that of the modern side of one of our 
large public schools. It is thought that the he.^t 
jirc'paratlon for the higher technical pursuits 
found ill the systematic ^t^dy of Latin, mathe- 
matics. and elementary science, supplemented by a 
thorough training in the grammar and literature 
of nioclern languages. The school fees are so low 
that a large projwrtion of the |)eople are enabled 
to obtain the best secondary education, and therti 
is consequently no lack of well trained youths who 
are able to take ad%’antage of the facilitie.s oiTered 
l.>y the State for higher education. Although the 
pdytecimic or technical high .schiiol is undoubtedly 
tiic mo.>t prominent feature in tlie German system 
of technical education, there are other schools, 
of a more special character, providing instruction 
adaptctl to the varied wants of the iralustrial 
population. Among these, mention must be made 
of the weaving and building trade schools. To the 
weaving schools at Chemnitz and Crefeld, Germany 
owes much of its success in the manufacture of 
textiles. The w^eaving school of Cheninits was 
founded as early as 185G. Land was given by the 
town, and the building was erected by the miinicl- 
paiity. The teaching in this school is thorouglily 
practical. * The students commence by W'orking at 
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the band-loom, and when they are able to use it 
without assistance, and understand how to weave, 
they pass to the power-loom. The school is pro’ 
vided with a large number of different looms, on 
which the most varied texile fabrics are woven. 
Xhe sciiool is attended by the sons of merchants 
and manufacturers, and by future foremen and 
overseers. In this branch of industry, as in 
engineering, the most efficient instruction is pro- 
vided for the masters and managers of works. In 
Chemnitz, and in other weaving districts, there are 
evening and Sunday schools for those who are 
unable to give up any portion of the day to tech- 
nical instruction, iffr. Felkin, in a little book, pub- 
Indied in the year 1881 by the City and Guilds In- 
stitute, was the first to call attention to the organised 
system of technical instruction provided in Chem- 
nitz for all classes of producers and distributors, 
ciiid it "was he who first showed the extent to which 
the trade of Saxony had benefited by this provision 
of efficient schools. 

Crefeicl possesses one of the best equipped of 
modern textile schools. It was opened in December, 
1883. The building was erected at a cost of 
£42,500, and comprises departments for weaving, 
dyeing, and finishing. The school contains looms 
for every variety of textile faJtmic, and is rich in 
appliances for instruction in the several processes 
connected with the manufacture, dyeing, and 
linisliing of different kinds of cloth. To the in- 
fluence of this school is justly ascribed the large 
export trade of Germany in silks and velvets. The 
fees are low% but candidates for admission to the 
dyeing department are required to be conversant 
with the fundamental principles of chemistry and 
i>hysics. The day students are mostly sons of 
jnaiiufacturers, but the school is open on Sundays, 
w'lien it is largely attended by workpeople. The 
nnimal cost of the maintenance of the school is 
£5,300, which is met by the students’ fees and by 
< ontiibntions from the State and the town. 

■\Vea\1ng and dyeing schools are found in other 
pa its of Germany, but none can compare in the 
completeness of their arrangements and fittings 
with the school at Crefeld. 

Ot other special schools in German j, the most 
interesting and most widely distributed are the 
hnilfling trade schools. These are generally open 
in the winter months only, when building operations 
are for the most part suspended. They are found 
in nonrly all the large towns of Germany, but the 
school at Stuttgart is perhaps the most character- 
istic. The instruction is intended to supplement 
the trade w^ork in wdiicli the students are generally 
engaged. It is mainly theoretical, and includes very 
iittl^Pmanual training. The aim of the instructors 
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is to teach the scientific principles underlying, and 
associated with, the practice of the trade, rather than 
the practice itself. Of all the special schools the 
weaving and dyeing schools arc the most practical. 
In the building trade schools, wdiich are generally 
housed in costly buildings specially erected for the 
purpose, the instruction embraces languages, 
mathematics, bookkeeping, geometrv, drawing’ 
building construction, machine construction, sur- 
veying, and mensuration. School fees are charged 
winch, although by no means Iiigh, are sufficient 
to indicate that the teaching is intended for future 
foremen and the better class of artisan rather than 
tor the labourer or unskilled workman. Besides 
these, there are schools for the mining and uietal- 
working industries, and for other trades : but the 
instruction is very little specialised, and is in nearly 
all cases supplementary only to workshop practice. 

Another very interesting type of school found in 
Germany is the applied art school. '^Thilst the 
instruction given in nearly all the technical schools 
of Germany ls limited to geometrical drawing, and 
to the principles of science in their application to 
the parent industries, the teaching in the industrial 
art .schools approaches more nearly to workshop 
training. In this respect the sy.stem of technical 
teaching, as applied to art industries, contrasts 
with that adopted in connection with trades 
involving the application of scientific principles, 
and differs from the French methods of instruction, 
in which the distinction betw’eeii pure art and 
applied art is much less clearly marked. The 
Jinnstgen'erhesckulero of Germany are not merely 
schools of design. They are institutions in which 
separate art processes are also taught. They have 
departments for wood carving and wood sculpture, 
foi^ metal casting and metal chasing, for glass 
staining, pottery painting, house decoration, and for 
the practice of other trades. 

The instruction, although essentially practical, is 
much more than mere trade teaching. It embraces 
painting in all its branches, niodelHog, anatomy, 
geometrical drawing, perspective, the principles of 
design, and the history and literature of art. Fre- 
quently, the schools a.re closely connected with the 
Industrial Art Museum, where the students have 
the opportunity of seeing the best models and 
specimens of work. 

The system of technical instruction in Austria 
does not differ materhilly from that of Germany. 
The schools are similarly organised. The Poly- 
technic, the Applied Art School, and the Weaving 
Schpoi of \ ienna are Very similar to the corre- 
sponding institutions in Berlin. But besides these, 
there exist, scattered throughout the provinces of 
Austria, trade schools in which is taught some 
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t^pecial industry. Most of these schools are situated pleted at a cost of £.?2,ODO for the building and 

in the small towns and rural districts, and the £16#I0 for the fittings aiiil appanitiis. As rocently 

trade teaching is couibined with insmiction in asl?^91 a newpliysicailahf«itnry fasht'cn m^ctcd at 

general subjects. They form conlirmation schools a cost of £48,000 for the biiildinu' and A'AMlbO for 

in which Tim pupil acquires desterhy in suine par- the fittings. Tlie yearly ex|H^n(lii nn* on inalnten- 

ticiilar handicraft. TlmwarekncnYu as ance is .£2d4Htt], towarrh which ilie Stnu con- 

They are widely distributed throiighrmr. the empire, tribute^ £22.4SU. Thes< fmurrs aivt' MU^ir idtai of 

and are omler Stare control and supeiYisiori, the magnificent .«cale nn whieii rhi- Palat'c oi 

Among the special subjects taugiit are carpentry Science is conducted. Tht* pe^mic imve 

ami Juhitry. \V 4 >x. carving, marquetry, silver ftligree reason to belfewe ilitil thf‘ iiion*\v ha.- I ci n UMdiiIly 

w'ork. Hiarble \vurk. photography, and printing pwo- and. from a ermunereh*.! ,:ht. icn s Miieaily 

ee^Me-. in iluvaria and in other parts of Germany, expended. In naiiirai resourtn-.- oi.p cd list, pr(or(*>! 

similar schiXtL are found in which clock making, countries, witli a small atid sc:iiii*rt‘d pnnilitlinx 

straw plaiting, basket making, pottery painting, and Switzerland has suceeMlrdi 1.* i’urjiraim* imoorifir.t 

various other industries are taught. Some idea of industries and in estahlbhlng Ifivze nuiiiufactures. 

the aim and character o! the teaching given in Many of her engineering work < are i F enii-iderable 

these .schools roay be gathered from the remarks of magnitude, and frtun hrr coal-inr colonr weeks a 

nne of the instructors. He told the Commissioners large export trade is carried ttii in aiiiticial colonr- 

wlio visited his school in 18S3 that “he aimed at ing matters. Nowhere i> the inlii.enee of ih.e 

>uakirg his pupils tlioroughly conversant with the i3olyteclmic training S!i remarkably shown as in the 

nature nnd properties of the inaterial with which aniihmcmlourtheUoriesoi ^wiizerlaiul andGcniKiny. 

tliey had to deal. They should learn all that could Here, the research work tite school ];ib(U'at»*ry 
i>c said c)f the growth or fcu’iuatioii, construction and is ]mr.sued on a far ismro exteii>ivo scale and with 

pireiigth, and the history .uid various uses of the a view to commercial nfsults. Every factory con- 

materials with which they had to wmrk. 4’hey tains a number of Widbeguipped laboratstries, 

diould b(‘ aiile to draw or model accurately wlial- sided over by a siatT of emimuit ebeinists and their 

ever they have to make, and they should be well assistants, all of wdiom have rem-ived a special 

ac<|naint*e<l with the in<>st recent meelianieal ap- technical training. In these laboratories, con- 

pllanees for dealing with or preparing the materials tinmns experiments are carried on for tlic purpose 

■ for their trade.’'' ■' of effecting improvements in the processes of inann- 

In Switzerland the system of technical edu- facture. 41ie ciiemists erigaged in these work« 

earion Is more or less similar to that of Germany. have not all been trained in tlie polytechnic schools. 

Nowhere is education more generally diffused,' Many come tom the muver>ities, of which there are 

or of d higher standard, than in Switzerland. already live in Switzerlnml, whilst a new one is 

The prosperous manufactures uf Switzerlaml are a about to be erected in Fribourg, 

standing evidence of the economy oi a large and In their engineering works the results of the 
wise expenditure on education, by wbieli the. advan- higher scieiitllic training* arc .no : less c*vide,at.. 

tages of the highest teaching are brought within Lacking cheap coal for fuel, the Swiss have been 

reach of all classes of the community.'' So much enabled, by improvements in the construction of 

has been .<iaid and 'written on Swiss education that turbines and in the modes of transmitting power, 

it is only necessary to repeat, that nowhere are the to utilise their streams and mountain torrents and 

r'lementary schools more completely equipped or to prepare the way for an extensive use of wahu* 

better organised, that the instruction is gratuitous, power both for the purposes of electric lighting 

and that there is an excellent system of secondary andfor driving roachliiery. Altbougli the industrial 

schools leading to the universitie.s on one hand and prosperity of the Swiss must be mainly nseribed to 

totlK Federal Pohdechnic of Zurich on the other. their excellent .-ystem of prinvary and secondary 

The Polytechnic of Zurich, which is modelled on schools and to their hisriiutirms for the higher 

the type of similar schools in Germany, i.s one scientific training, oilier schools Intended mainly 

of the thipst institutions of its kind in Europe. It for the preparation of foremen are imt wanting, 

was established in 1S54, and has since then been Of these the principal is the Tecbnicmn of Winter- 

frequently enlarged. It consists now of ffve se- thiir. Mtoiving schDo].s and schools of ap]>Hed art 

parate buildings. The main building was opened in are also found in different parts of Switzerland, 

18Cjo, and cost £724)00, and the observatory, wdiicli similar to those of Germany, to which reference 

was erected in IB 74/ cost £10,000. The chemical has already been made. 

laboratory was projected when the Commissioners In France, the sy.steni of technical education 
visited Zurich in 1882, and ha.s since been com- presents many points of contrast to thac of 
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Germany and Switzerland.; The , problem .appears. 

to hare been approaclied rather from the position 

ot the artisan, and the most striking features are . 
the handlcrait training in the elementary schools., 
the practical trade work in the apprenticeship and 
fore! liens schools, and the abundant and excellent ' 
facilities provided by the State for the highest 
instruction in pure and app.lied. art. It is difficult 
to give an idea of technical ediication in France 
without considering the entire; system of school, 
organisation, because, except in certain subjects, . 
there is a very close coiinectibn between ordinary 
and professional instruction. Indeed, the influence 
-of trie teaciiings of Eousseau is felt in all grades of 
schools, and nowhere is seen, so close a relationship 
between school training and the actual vtork of 
every-day life as in the French system of primary 
.and secondary schools. Beginning with the infants, 
WT. find in Paris and in other ijarts of France a 
iiumber of schools known as He'oles maternelles. 
These had their origin in certain charitable institu- 
tions known as Salles crasUe, \vheve mothers,, who 
had to earn their living, could leave their children 
during work hours. In 1S81 these institutions 
w*ere placed under State control and their name 
was cliaiiged to Jilcolcs fuaieTnslles. Iiifantb are 
admitted to tliese schools between the ages of two 
and seven. Their instruction consists of such ele- 
ment a:ry notions of morality, and of reading, writing, 

^ and leckoning, as can be imparted to children of so 

I tender an age ; of exercises in manual training, and 

' . of ies.sons in singing and , bodily movements. ^The 

main feature of the teaching is the use of objects 
instead 'of books ; of things rather than words. In 
t,l:iese schools the child acquires his first experience 
ill directed manual exercises, intended to lead up to 

.that adroitness and skill in which the French 
artisan has long been distinguished. The school 
hours arc long, but the child is not wearied, as the 
admirable system of Frobel, by which the chihls 
natural activity is encouraged and developed, is 
wisely and usefully adopted. The school oiiens at 
6.30 a.m. in summer and at 7 in winter, and the child- 
ren are dismissed any time between 4 and 6 p.m. 
at which their parents can call or send for them. 

From the maternal school the child proceeds to 
the primary school, which is the true foundation of 
a Frenchman's education. The striking feature nf 
the French system of primary education is its 
: contimiitv. The instruction given in one school is 

i desimied to lead up to that of a higher grade. Thus 

I a child on entering the ordinary primary school is 

i supposed to have received the training provided in 

the mater nelle. He may have received it at 

home under the guidance of intelligent parents, but 
he is expected to have had some systematic train- 
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ing. The primaiy school consists of four divisions 
(1) the infantine, (2) the elemeiitary, (3) the 
middle, and (4) the superior. The infantine division 
is intended to connect the purely kindergarten 
method wnth the severer discipline of the elementary 
school proper. In the elementary course, the child 
is instructed in the rudiments of geography and 
grammar and in the method of history; he also 
learns, by means of object lessons, the first 
principles of physical science and dravring. In the 
middle course, which occupies two years and 
carries on the child to his eleventh year, the teach- 
ing is more specialised, including the geographv 
and elementary history of France, geometry, and 
the ordinary subjects of an elementary education. 
The superior course also occu|.>ies two years, and 
brings the child to his thirteenth year, the age of 
exemption from further school attendance. During 
this period the child receives systematic teaching 
in the elements of chemistry and physics ; he con- 
tinues his drawing instruction ; and by working 
always from natural objects learns the elements of 
design, and commences practical woodwork. It is 
to M. Salicis, who perseveringly demonstrated, at 
the well-known Aole do la line Toiimefort, the ad- 
vantages of manual training, that the development 
of such teaching in France, Belgium, and England, 
and in the United States is largely due. It now 
forms part of the instruction of all the element- 
ary schools of Paris, and the general extension of 
the teaching is likely to lead to greatly improved 
methods. No trade is attempted to be taught in 
the French primary schools ; but the children of 
France receive in these schools sound practical 
instruction, preparatory to the business of life. 
From the earliest age they are trained to the study 
of nature, and their faculties of observation are 
carefully cultivated by exercises of hand and eye 
and ear which produce in their minds a valuable 
store of sense-impressions. ^ 

The work of the primary schools is advanced in 
the higher elementary schools, which are an im- 
portant feature in French education. These schools 
consist generally of two sides, one for commercial 
and the "other for technical studies. They contain 
chemical and iffiysical laboratories, carpentry and 
fitters’ shops ; and in some of the schools the in- 
struction is specialised with a view to the particular 
trades of the district. They constitute middle 
schools of a type much needed in this country 
bridging the way between the primary school and 
the technical university. Besides these superior 
primary schools, uffilch are found in all the hirge 
towns of France, there are special engineering 
schools for the training of foremen. These ai'e 
located at Chalons, Aix, Angers, and Nevers. In 
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the wel!-e(|iiipped school workshops, orders . are 
execate<I for the Government. 'The stndents work 
for six hours a day in the shops and for about 
five and a. half hours in the- class rooms. .The 
men trained in these institutions are found in 
nearly all thelar^e engineerinji works of France. 
These institutions are known as J^edc$ (hii Ar^Hct 
MitlerR, anrl fi*nn together with the weaving 
and dyeing schools tin? i-trineipal technical colleges 
for the training of the better class of workmen 
and of foremen. Besides these schools, tlujre are 
special .-cliools for horology, and most of the largi‘ 
towns have technical institutions somewhat similar 
to our uni^'ersity colleges. The central school bw 
tlie trainingifi' profes.sioiud engineers and industrial 
chemists is in Pari.s. the constitution of which Is 
somewhat similar to that of a German ]?olytechjnc. 

To complete our notice of the facilities lu-oviilcd 
for teclinical education in France, it is necossjiry 
to refer to tlie abinulant evening classes, in which 
lectures arc piven on the teclinology of difierent 
tra<ics, and in which industrial tirawing and art iji 
all its branches arc well taught. The evejiijjg 
iietnictinti in France is conducted by a >taiT »if 
ciinmuir prufosors. wisose qualiticationsibr teaching 
are very superior to those of the or^linarv M'ience 
ic*acher> in lliis country. I'he art scluitd.s tlutmgle 
out Franct* are excellent, anrl instruction is very 
generally given in modelling and in painting from 
life, particularly froni the innlc. In connectieti 
with most of the art schools are found iiulusfrial 
iisnscnms, the f»pening of which <ui Sundays and 
holidays is jtroved to be of great advantage to rlie 
artisan and labouring ptipulaiion. Xorhing, iterhaps, 
has dime more to educate the taste of Frem-.h 
work]>citple than the opporfini i ties they have ha<l 
to visit in their intervals of leisure the^e museums. 

The --'ystems of industrial education in cuher 
parts of Europe have much in common with those 
of Fnnsce andi Gersnany. In Belgium ami Holland, 
manual training forms part r>f the olemeiitary 
school course. Tlie ITiiversity of Lunvain lias 
special schools of engineering, and at Liege and 
Ghent arc found excellent evening courses of 
ir,.struction for artisans. The school of art at 
Antwerp and the commercial academy in tlie .same 
city have ticffuired a. European reputation, in 
Uollandu the polytechnic at Delft is organised on 
similar lines to the |olytcchnie institutions of 
tdermaiiy and Switzerland, all of which it is need- 
less to say arc very <HfTerent in their objects and 
character from the institutions hearing the same 
name which have been recently established in 
London. Italy is not far behind other countries 
in its pTOvi.sitm for technical cducaticm. All its 
high(‘r elementary schools are called technical 


‘I All i', 


schools, a.s indicating the industrial character oC the 
teaching. But the education given in these schools 
is distinctly of a lower standard than that pro- 
vided, in the similar schools of France. Each 
district i.s furnished with a technical institute, 
which has departmentsforthe study of cjigincerlng. 
naval arcdiitectore, applied ciieinistry, agriciiltun*, 
hnildeiv work, and weaving, according Xti the 
requirements of the district. These schools arc 
fairly well attended, but are poorly equlppcsl with 
modern apparatus, and then is an absence of 
public interest in their developrnenf. They arc 
insufficiently supported, and are now somewhat 
antiquated. The higher technical institutes of 
^^Tilan and Turin, wdiich correspond to some extent 
with the German pulyteehnics, are more eiladient, 
and are the principal training schools for i ngincers. 
Owing largely to the teaching of these establish- 
ments the subject of electricity in its applications 
to lightingand the tran>iiiission of power h.a.^nmde 
great advances in Italy. 

Of Itussian education very little i‘an he said, bur 
thf? technical M‘hool at IMuscuw is an institiitiun ol' 
a high (u-clcr of merit. 

it is, however, in the Unhid States that Hie 
areatest progress has been made during the last 
few y<‘ars in th(‘ foundation (T various grades of 
technical scliouls. But the most cursory consider- 
ation of this part of the subject wuuld occupy far 
more space than can he liere devoted to it. 


V, 

Bv A' PirACTICAL PiarMBER, 

(Cotiibimd fmm p. 1S7.) 

JtnXT 31AKiNG (rwitbrin’t?). 

JmnU . — This is another method of niidiing 
a sound connection between cast-iron pipes, and is 
preferred by some to either rubber or yam packing. 
It is made by mixing line iron borings with water 
in which has been dissolved a small quantity of 
sal-ammoniac ; it is mixed to a thick paste and 
packed between the joint and ramnual tight with n 
caulking tool: it sets hard in a day, and has this 
merit, tiiat if it leaks a little it will soon rust itself 
up. Care must be taken nut to put too mudi sal- 
aimnuniac. an ounce is quite enough for T lb. 
borings. If loo much is put, it Is higiily ).robablc 
that it will cause sufficient expansion of The ennent 
when setting to hurst the socket. These joints are 
very secure and la.^^ting. 

Comparhon of Soldered Jolnt;^: — Plumbers wht> 
eaih make good wiped joints as a rule are very 
much iigaimst copper- bit tvork, wiping almost every- 
thing regardles.s of cost, suitability, or anything 
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else., except their own reputation as .joint-makers. . 
Some .men will argiie that^ under all circtimstances 
a wiped joint is superior to that made by a copper 
bit. Others (mostly those who cannot do much at 
wdijing) contend that a well-made blown or copper- 
bit joint is equal to any plumbers’ joint that ever 
was made. I do not intend to argue in any dog- 
matic style in support of either of their view’s : like 
the men who quarrelled over the colour of the 
chameleon, they both may be right or wrong ac- 
cording to circumstances. Looked at in a reason- 
able light, a, joint made in, sajq |- or l-inch pipe, in 
wliicli both pipes have been carefully fitted and 
well sweated together, is, and must be, stronger at 
the joint than anywhere else, and if pressure were 
put upon it, it would burst anywiiere except at the 
joint.' iVhat more is wanted? Certainly as re- 
gards actual strength the wiped joint properly 
'made is superior, and it has the advantage of being 
able to be made in positions where copper-bit or 
blowpipe work is impracticable. But coi^per-bit 
work has its uses : for soldering small unions, caps 
and linings, bosses, small taps, washers, and wa.stes, 
and many other jobs, it is preferable to wiping. 
Moreover, in repairing jobs the quickne.ss with 
which a joint or two can be blown or copper-bit 
soldered compared with the trouble, fuss, and 
expense of wiped joints make a considerable <liffer- 
enee in the cost of a job. No doubt it looks better 
and more like plumbers’ jobs to see two .or tlirec 
plump round joints, nicely setoff with their soiling, 
than the hiuiible and almost unobservable copper- 
bit joint. But if the h.ousehoider has to pay 10s. Gd. 

. ' A 


which shows the weak part of such joint at c i). 
You will observe that the centre of the joint A r> 
could not be brought nearer to the cap of the union 
or it would interfere with its being screwed back, 


therefore only the thinnest part of the metal E F 
supports the union. With the copper-bit joint 
fitted as showm at Fig. 4G, greater strength is 
nndoubtedly given and plenty of room for unscrew- 
ing. \Yere^the brass fittings made longer, wdped 
soldered joints w’ould be best ; I would therefore 
say as regards joint making, use judgment and 
discretion 'in selecting the particular kind of joint, 
to be used. If the work is unimportant or tempor- 
ary, there is no need to waste time and metal upon 
it.* On the other hand, where you are doing work 
that is of essential importance to tlie health of 
human beings, and 'work that wid be required 
last for years and may be centuries, and also when 
e.xpense*is no object, put in the be>-t work you are 
capable of. 

riPB BEXDIXa. 

To bend a piece of lead pipe migh.t appear to the 
uninitiated a comparatively eubj jOb, but it 
really anything but that, especially when we ge 


for it instead of perhaps 4s. or 5s,, he i.s apt tu be 
dissatisfied, and not without reason w’lien the work 
could liave been done at no sacrifice of efficiency at 
n considerably less <jost. For soil pipes it is cer- 
tainly be.st to always wipe the joints, the body of 
meta*! round tiiem serving to strengthen llicin and 
also to preserve their shape. I have said that for 
soldering unions, bosses, etc., the copper-hit joint ts 
preferable, film reason is 
very short, and in wipiiq 
tb^sc and a piece of lead 
wiping does 


present little difficulty to 

0 iWF ^ bend into almost any shape ro- 

1 f quired ; but witli each succeeding 

Ij ill' |i addition in size the 

^ f I'll increases, especially if th 

^ ^ every jfiiunber s 

in tins iiranch of the trade, for 
although bends of almost every 
description can be bought, yet as a rule much 
bending work has to be done, both in the woik- 
shop and on the job. There are several methods 
of making bends and elbows, but before describing; 
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the part 'with wbicli the lead is struck is round 
instead of flat ; band diiimiiics (Fig. 55); long 
dummies (Fig. 5t*») : bobbins . „■ 

and followers (Fig. 57). 

Dressers are raatle. of box* 

wood and also of Iionibean;, 

two or three sisies are gmier- 

ally required to suit v;i?-ic't.s 

kinds of work. Tlie ciumrnies aiv bulbs of ^oldei 

of the shape shcrwii in the sketclaxs, which 


aoaie with a fairly easy sweep, and let A and b. 
represent the inside and ont.side of the bend. Now 
it will be erident to the claliest- understanding that 
wlien the l»end was nor a bend, that is. when' it 
was a straight piece of iiipe, the sides A and B were 
both of equal 


retire rcmnti the back rif the bend BAC, ? 
and th(-n measure the inside of it F B D. 

You will perhaps, if a novice, be sur- f' 
priscul to lliid that the inside is d 
laches or more shorter than the out- * IBIb’ 
side. It is ciYident then that a con- 
'.iderable amount has gone somewhere. '‘IsHb 
far it will be found that the distance Yl 
roniid tiie out. side will be but a trillina' Y 
dtegree more than the length of the 
draight pipe out of which the bend .. 

was . formed. For some explanation hx us lotok 
at Ffirs. 4> anfi IP. Fig. -IS represents two pieces 
of pipe placed at right angles to each uther, the 
liiaieil line shuw.s what a large piece is wanting 
hn lid it up to make a cuinplete elhow or bend. 
Fig. 41) is exactly the reverse ai this, it s)io\v.s a 
.straight piece of pipe with a piece 

S cut out of the middle lo allow of 
the two point.s A A to be brought 
together to form an angle similar to 
Fig. 48. . Fig. 50 is the exaot shape 
of the piece cut out, and it would 
also be foun 1 to be just the piece 
reqiii]*ed to lill up the gap in Fig. 
4Si From tliese remarks we fchere- 
fere can deduce the following, iii'st 
that in making a bend there is an 
amount of snperduons metal at the 
Throat of the bend and a scarcity at 
the back : second, that unless this 
scarcity of metal at the back is. as 
it were, assisted by the superfluity 
in the throat, the bend is thinner at 
the back than at the throat, con- 
sequently weaker. How this is to 
be done I will endeavour to explain. 
It is a fact that the molecules of 
Fi> 49 ■which lead is composed can be, by 
skilful manip\dation with the proper 
tools, directed and made to flow in any direction 
the plumber wishes. 

ToitU meil m JBendvig tools, which are few 

and simple, are as follow^ : lead dressers (Figs. 51, 
.52, 53) ; bossing stick (Fag. 54), which is a boxwood 
stick somewhat similar to a dresser, except that 


handles are fitte*! ; the short ones usually have cane 
or- wood . handles, 
ami tlie Ion? ( 

■one.s iron handles. 

Some plumbers use 

solid iron rod for '■ 

them, but f ur \ 

gas. tube, is much ... 

r., Fr 4 . 

better, as you can 

get the same sized handle with about half the 
weight and miieli .more rigidity. 


Mefhmi qf hmdruf/ Zf/r//e Piyes.-^hi bending 
these proceed as follows : rake'tbe piece of pipe and 
mark where the bend is to be. have at hand a bag 
full of some soft material, hay. >trjw, or shavinus, 
as a pillow to rest the pipe iipjon, also a piece of 
thick carpet, technically called a **fclt.’' to handle 
the pipe with. The pipe must next he lieaiod. This 
can be done In various ways : iir.st, by putting lighted 
shavings into the pipe; second, by using a blow 
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lamp or gas jet; third, by pouring molten metal 
upon it. The first way I do not care miicli about, 
ns if too much should happen to be put in, or any 
awkwardness displayed in pulling them out when 
the pipe was sufficiently hot, the pipe would be 
likely to melt. Moreover the heat is spread over a 
larger portion of the 
neces- ' 

.-.7 handle. I therefore 

advise the use of a 
lilow-lamp or the hot metal in yu-eference to shav- ^ 
lugs. Xtie pipe should be made quite hot, not 
merely warm, then place it on the pillows (if a 
seamed pipe, with the seam at the side), and 
with the felt ” in your hands grasp round the 
pijje where the bend is to be ; your mate wall 
now pull up the pipe a little, you shaping it as 
well as possible with your hands as he does so. 

, Should the bend be in the middle of a loiigish 
jnece of pipe, it will be no trouble to pull up ; but if 
the bend is near the end of the pipe, a mandrel of 
■wood must be inserted to assist ; this should Just, 
lit the pipe and enter 6 or 7 inches or even more if 
it will allow of it. Having pulled up a little way, 
>•011 will find that the pipe has gone in somewhat 
a,t., the throat and expanded at the sides. Next 
turn the pipe on one side and take the dresser and 
give two or three sharp raps on the bulged part, 
striking from the throat towards the back so as to 
drive the molecules of lead where tliey are most ' 
required, viz., at the back of the bend ; turn over 
and repeat the operation on the other side. Next 
take the dummy, long or short as required, and 
gently dummy out the throat ; do not strike violently , 
and mark the position and result of every blow ; be 
careful not to strike the back of the bend. Now 
repeat the warming . operation, and again pull up 
the pipe a little. Then let the labourer take the 
dummy and knock up the bulged part as before, 
winlst with the dresser and bossing stick you work 
The sides in, always directing the blows in a sort of 
driving way to the back, in order to thicken the lead 
at that part. Continue these operations till tlie bend 
is of the required shape. It is possible for a skilful 


instead of using the dummies and dressers, and 
sometimes in conjunction with them, a round bail of 
wood, slightly smaller than the bore of the pipe, 


termed a bobbin, is driven through, cylindrical 
blocks of wood (followers) being placed behind it 
to receive the blows from the driving stick. It is 
not a very good way of proceeding, as not only 
does it thin the pijje at the heel of the bend, but 
the followers are apt to bulge out the pipe in 
passing the bend. In order to minimise this 
danger, care should be taken that the edges of the 
followers are well rounded oif, and if both they 
and the bobbin are greased, it will facilitate their 
passage through the pipe. 

JBendin f} Small Pipes . — The bending of small lead 
pipe, that is, pipe from J-inch to IJ-inch bore, 
presents no great difficulty if strong and the bends 
are not too sharp. Sharp bends should be avoided 
as much as possible, as they tend to retard the 
flow of liquid through them. In many cases the 
j)lumber can please himself on this matter, and it 
is his own fault if he make a square bend when 
an obtuse one would have served the purpose. 

Other ^[ethods of hendkig Lead Ppes . — Lead 
|)i|)e can also be bent by filling with sand or witli 
water ; if bending wdth water, the water should 
be poured in hot, the ends tightly plugged, or, 
better still, hammered together, and a little solder 
drawn across ; it can then with care and a little 
dressing be bent into either a single bend or an 
S-shape. If bending with sand, ram it in tightly 
and warm in the parts where the bend is to come. 
Neither of these methods is much practised by 
IDlumbers. 

Patent Pipe-lending Pence (Tig. 59).-— This tool, 
recently invented, consists of a strong spiral coil of 


are a great many wdio do not reach such a degree 
of excellence, still that is the point to aim at, and 
the a.rt of bending cannot be said to be attained 
till that can be clone. 

Bolliim and Followers. — Fig. 58 shows a piece of 
pipe -with the interior partly shown to exhibit the 
metj^od of using these appliances. After the warm- 
ing and pulling up of the pipe just described, 


wire made of crucible steel slightly tapering from 
end to end with a loop at one end. The mode of 
using is to insert the tool into the piece pipe 
requiring to be bent, previously greasing or oiling, 
the tool to facilitate its withdrawal. The pipe can 
then be bent into any shape required. To wuthdi'aw 
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the spiral, turn towartl the right ami piiil at. tlir 
loop— tills slightlT ilirainishes the dlaoa‘ter of thn 
eoil and eiiaiaes it to be withdrawn. The hemk 
have also to be slightly bent back to a>sist it. It 
is a tool that is handy for many purposes, imt it is 
not of iiiiich use out of the shop, and thongii hUKK) 
id them were stiid ro have been sold in a few weeks 
in this country almie, I do not think that ploitibcr> 
were in the riiajorlty of purchasers, unless it- wc*re 
the ironmonger plumhers that we have heard so 
much of lately re Plumbers Registration BilL 
Neither do I think it will ever rank as a recognised 
pkimbiuds tool, 

Jkniinfj WrowjM Jmn> JHpe,~-An fitting up hut 
and cold water services in iron pipe, which is lanch 
more frciiuently used for this vrork than lead pipe, 
the ]dumbcr has often to make bends in his }upcs 
to ptisK projections, etc. To do this, the pipes 
must be made red-hot. The method of iKUiding is 
as follows: lieat the pipe to a bright rt‘d a!)out 
d inches in lemrth in the place where the. bjend is 
to 1 m'. take a ladle ami cool each sMe of tlie rt'd-Iea 
piece with wiitcr, rub oft tlie '^cale with a hie. and 
I hen take line end and your mate the orner and 
|ilac(‘ it between the Jaws of a vice, tightiuiing up 
till it ju>t tfiuches the pipe. Both thtm pros 
ii]’ 5 wards together till the bend is of the required 
degree of angle: should the pipe slij^ u}» as you 
pre.-'S, replace it and tighten a little more, Ho not 
lose any more time than you can lielp between 
taking rmt of the fire ami bending, lirtlie pipe will 
get etdd and crack in bending *, always carcTully 
examine the bend for flaws and te>t with watta* 
before putting in place, as sometimes the* pipe 
cracks at the scam or w'cld.tind is a source of greet 
trouble and annoyance if put in in that eonditiun. 
Should the pipe crack in bendings, do not try to 
cobble it up in any way. but throw ir aside, take 
ancither piece of pipe, and try a'jain. When ilic 
Ixmtl is too near one end to take hobl (d and pull 
up, a piece of pipe < 5 an be used eitlicr in^id^* uy 
outside «as n lever. Small jiipes will mily rcipnre 
one heat to bcuid them, but the larger sixes >ueh j;s 
1, IJ, IJ inch and 2 inches will require two or 
three heat.s, bending a little each time. Wlmr. a 
bend has to be made to fit in any special place, a 
template of stout wire should be taken, especially 
when a Journey to the shop from a Jul> has to be 
made; this will save a lot of unnecessary running 
to and fro. A little time and care Is wadi expended 
in tnaking this template. Some workmen pn'itlc 
themselves on what they term a -correct eye,’' 
but 1 ba%’c very frequently seen such people have 
to make tw'o or thre« Journeys to alter their ’work, 
to their own eonfu.sion and their employer’.s loss of 
valuable time. 
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ORES OF IRON" ixudltm i), 

(\€«’L‘itin(I IrOitsidiit' is a less pun vant'iy oi lie* 
argillaceous ferrous carbonate, wliicdi takes Its name 
from tlie district of Clevelaml, in the Nurth Elding 
uf Yorkshire, where it occurs in a bed of S or Jif feet 
in thickness. This ore will yield about M8 pc r lent . 
of ferrou.s t>xide. wiiile the Blac-kband Ironstone of 
Scotkind will afford 40 per cent., and Stalferdhinre 
clay ironstone about 45 per cent, oi ferrous oxide. 
Like the other varieties of ferrous carknaiate. it 
varies in colour according to the degree of tlu* do- 
coinpositioii of the ferroiis carbonate, anti the p.ro- 
purtion of other impurities : thus its culour rangc< 
laUween dull bluish-yellow and d.ark blue, and in 
sumo specimens becomes almost, black; but tlu* 
darker varieties often ctmiain .^lensible proportion.- 
t d ferrou> silioate. The ]nc-iroii protiuced from ibis 
iromstom; contains from *25 to bo percent, iff pirn-- 
plu-rus, ami hence it coultl not be used fnr the manu- 
facture of steel until the invention of the Thomas- 
Gilchri.-t or hasic princess for the manufacture ef 
Be.'scnier steel ; but by the basic process the phos- 
jihorus can bi.* e]iminaie«l from the ]ag-iron during 
the Bessemer conversion, and Cleveland ironstone 
has thus become available for the iiiamifacture of 
a pig-iron siiilabh* for eonver<it>n into Be.^semer 
steel. In practice from U5 to i\H ever, ol Cleveland 
ironstone as rectlved from the mines is miulnd 
to produce a ton of pig-iron. 

HkeUdud Inmstene is a clay Ironstone, cfonlairi-' 
Ing from 15 to 25 per cent, of bituminous, coaly, or 
ether carbonaceous matter, wliich gives to it aliucisi 
the appeaiTincc* eff coal; it occurs in beds most 
larjely in Lanarkslnre and Linlithgowshire, to a 
much* smaller extent in North Staffordshire, and 
also in South Wales. Owing to the large amount 
uf cariKnaccous matter contained in this ore, it^ 
can be ealeiued in heaps without tiie addition of 
any further fuck The raw ore will averagr about 
lu per cent, of ferrous oxide, 25 per cent. i)f earboti 
diexiile, lu per cent, el' clay, and IT per cent, ef 
urgauic matter. 

'Uc pridvijwl Jbhtnete of O’nat 

Bnfahi are Lincoln.shire, Northamptonshire, St ab 
fordshire, Somerset sin re. Gloucestershire Cknisber- 
land. Lancaslnre, Yorkshire, and the valleys of the* 
t'lyde and Forth in Scotland. Of these, Lincoln- 
shire raises a soft and loose calcareous brown 
luematite from a be<l of 10ft. to 18 ft. in thickness 
occurring in the Lower Lias limestone. The average 
percca'itagc of iron in tlie ore is only about 22*5 per 
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cent.» and the ore is nsed largely for mixing with clay 
ironstones such as those of Cleveland. The North- 
amptonshire stone is also a brown hiematitej bnt it is 
siliceous and not calcareous in its character : hence 


for only the pig-iron smelted from haematite 
iron ores conld then be used for conversion into 
steel by those processes. Previous to that time the 
ores had only been raised for mixing with the less 
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the ore is known sometimes as Xortlijimpt<.)i]sliire 
sand, and owing* to its siliceous cluriractcn* is often 
mixed witli Lincolnshire ores at the furnaces of 
that county. It is also smelt(Kl on the spot, liesidies 
being sent to Staffordshire, Dorbysliire, and 
Wales for mixing purposes. In Staffordshire nr(3 
blackbands of 1 ft. to 4 ft. in thickness, as also clay 
ironstone in a bed of about ft. in thickness ; this 
mineral field is not large, yet it affords a larger 
output of coal measure ironstone than any other 
county. Ill Somersetshire the ore near the surface 
is brown hieinatite, but in the Breiidt)n Hills iwe. 
irregular lodes of a spathic ore containing 1.3 or 14 
percent, of manganous oxide, and rliis ore has been 
largely smelted for a spiegelcisen containing as 
much as 20 pcT cent, of manganose. 0.1oucestcr- 
shire and the Forest of Dean yield a brown 
lucmatite, which for the most ]>art is very soft and 
easily worked ; it differs, however, widely in 
composition, and occurs in large /focl'cta or <dmrns 
ill the uppermost beds of the C'arbonifeious Lime- 
stones. In Cumberland and Lancasliirf' are red an<l 
brown hamiatites, filling fissures and lako-like 
basins either in the inclined (‘arboiiiferoiis lirae- 
sfones of these counties, or more rarely in Silurian 
rocks. The comparative freedom of rliese ores from 
sulphur and phosphorus led to a. vastly increased 
demand for them, and a consequent development of 
ihe mining industries of these counties when the 
a Bessemer and Siemens open liearth methods 
of producing steel were introduced in ISfiT-fiO, 


pure and jioorer ironstones of Staffordshire, etc. 

The North Hiding of Yorkshire is notable for the [ 

extensive bed of clay ironstone of from 8 ft. to 10 ft. « 

ill thickne.ss which occurs in the Cleveland Hills, 
and which is largely transported to, and smelted in, 
the blast-furnaces of the lM.iddlesbrough district. 

From the Scotch mines tliere was formerly miset} 
large quantities of the celebrated blackband iron- 
stone, but this ore has been largely worked our, 
and the furnaces of the district are now supplied I 

principally with clay irciistones and some imported 
ores from Spain. i 

PREPARATION OF IRON ORES ; CALCINATION 
AND WEATHERING. 

The ores "from which iron is obtained are not ^ • 

generally subjected to any expensive or com- 
plicated mechanical treatment like that to which 
the ores of metals like copper, tin, lead, etc., are 
submitted. Exceptions there are, howevex', in the 
case of Pea iron ore (an argillaceous brown iron- 
stone whose particles are cemented together by a 
day containing but little iron), in which case tlie 
(day is separated by agitation in sheet-iron per- 
forated cylinders, through wdiicli a current of water 
flows, thereby carrying away the lighter clay, 
the heavier iron ore remains behind. Another 
exception is afforded by the titaniferous iron- 
sancls of Canada, which are often concentrated 
l>y washing them in a gentle current of \%*ater on 
sliaking tables of about 20 ft. in length, when the 
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lighter pilieeoiis pamcfe are- removed ■ from th-e 
heavier iroiisand. These exeepti-oii-s do not form, 
however, any appreciable proportion of the .work- 
.able ores of iron. 

’i’litf only pivlimimiiy mechaniea.l ■ treatment to' 
which iron ores are sui ejected -in Engiaiid, prior to 
roa-ting w cidcinatimi. is to break tiiem np into 
fnigojenis of a falriv ardl'oriii size, the 'size clepetKh 
Iiig upon that of the furnace and the' ease with 
wliich the ore is reduced. ' Tims, - the- ore 'and duxes 
for use in the large furnaces -of the ^ Cleveland 
district are broken iiito pieces . approximat-ely of: 
from 4 in. to C hi. cul>es : for the lisematite fnrnaces 
the materials tire charged direct without breaking, 
or are broken into euoes of two inches resemblmg 
road-uietaiiliig, whibt bjr the still smaller furnaces 
<»iiiploYe<i ill Sweden the pieces are- only about one- 
.iiicli cubes. 

Tke or qf iron ores has for its 

•object the expulsion of water, carbon dioxide (CCb), 
sulplnir, and tht; vohitih? fu- other matters, which,- 
under the inliueiice nf lieaf. or the comljined aetion 
of heal and atmosph-ric air. are capable of volatil- 
isaiitm ; the luatccss al>o (mnM‘VX> ferrous thride vr 
ferroos varhonaie \n\^\ferne u.cb/c, thereby preveiit- 
iiigtlielossnf inu'i winehother\vi-e<Jceurs when silica 
and ferrous oxide are brought into contact in the 
furnace, owing to the production of slags of ferrous 
dllcale, wiiich aredilUcuh of subsequent reduction; 
and lastly, ealeinatkm renders the ores more or less, 
porous, and so more easily pc'rmcaied by the re- 
ducing gases of the blast -furnace. 

■ Ferriim silleates, by roasting in an oxidising 
atmosphere, also become cmivcrled largely into 
ferric and magnetic oxide of iron; hence, when 
iV»rge or mill cinder, which is essentially a ferrous 
silicate containing from 40 to tlO per cent, of iron, 
is to be added to the blasr-faniace (as is done in 
tlie maiiufacgore of the inferior pig known as 
cimler-pig), the cinder is first roasted to convert it 
as far as possible into ferric and magnetic oxides, 
which are much more easily reducible in the blast- 
furnace than the original silicates. Calcareous or 
conqiact ores rich in iron, which have but little 
tendency to clot or to become matted, may be 
subjected to a more prolonged ami higher tem- 
perature of calcination than can be adopted with 
•ores containing free silica, readily fusible silicates, 
or nianganiferous eompoundsin notable proportions. 
The loss of weight during roasting or calcination 
amounts to 2.4 or 140 per cent, with Welsh argilla- 
ceon.s ores ; to 50 per cent, in Idackbands : to 0 per 
cent, with red hannatite.s ; and to almat 12 per 
•cent, with brown hannatites. It is not the practice 
in the hasmatite districts of England to subject 
the ores to any preliminary caicination, since 




water is -the chief volatile ingredient, and that is 
expelled, by the beat of the ascending ga>es of the 
blast furnace us tiitf ore lies in ilie upper zones of 
the furnace. 

In the Midillesbruiigli districts the clay irMnstoiic 
is- usually calcined before .^lueltiLig, but with tiie 
great increase in lieighr of ih(‘ blast furnaces of 
that locality, preiiiiiinary cak*hiati<fn bicoiaes 
import'aiit, .since the itual of the escaping furnace 
gases is soiEuieiit to expel water anil carbon dircddie 
from the whole of the irunstune during the time liim 
the stone lies in the upper zones, and {.ioibre it 
reaches the hotter zones of the furnace. But cab 
ciiiation in kilns etfecis a more perfect separatiou 
of sulphur than is possible in the blast fimamc. 
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Roasting or caleinniioii of iron ores is effected hi 
damjis or ojmi Inaps, hetu'een closed iralls, cu* in 
variously designed Iddns, but in all of these h is 
necessary to carefully rc’gnlate the temperature, so 
that the ores may not during the process be softened, 
partially fused, or clotted together into cnmpact 
iiia.sses impervious to the ascending gases in the 
subsequent smelling operation. With such ores a« 
the Blackbands, containing much carbonaceous 
matters, care should also be exercised that the 
temperature does not rise sufficiently high to effect 
a partial reduction of the metrd in the fire. 

JRoasfinf^ or enlcunifion bi open hctips, as c.arried 
on in South Wales. Staffordshire, etiX, consi.-^ts in 
placing upon a piece of level ground a layer or bed 
of coal several inches in tliickiiess, upon which is 
put ore and fuel in alternate layers, until the ]‘>ilo 
so formed reaches to a height of from four to live 
feet. The proportion of ore to fuel in the several 
layers is made to increase from the bottom towards^ 
the top of the pile. The fire is first llg-hted at the 
base of the pile just as in charcoal burning ^-aiid, 
as the process advances, if any portion of the 
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surface indicates that the combustion is proceeding less expenditure of fuel, with more perfect calcina- 
too rapidly, or that the calcination is too active in txon of the ore, than occurs in open heaps, 

any parr, then such part or parts are damped down Mamtmg or mleination m M is more cco- 
witii small ore, so that the process in those direc- nomical in both fuel and labour, the temperature is 

tions may be checked. The process of calcination also more under control, and the calcination of the 

thus coiitinues until the w'hole of the coal in the ore is moi'e uniform than when the process is per^ 
pile lias been consumed, formed in open heaps. In South Wales, the Ulns 

lUackband ores frequently Gontain from 25 to SO are of rough massive stonework, with parallel sides- 

per c-eiit. of combustible matters, and these or such and semicircular ends. Kilns which measure 20' 

(ft her ores as ctisitain much bituminous matter are feet in length, 18 feet in height, tapering from 
iisuiilly rt tasted witliout any further addition of fuel feet in width at the bottom to 9 feet across at the- 

or carbonaceous material. top, hold about 70 tons of material, fuel and oie 

The ii-enerai eonduci of the process of calcining together. The masonry of such kilns is lined with 

in betips is the same in all countries and localities, fire-brick, and the bottom of the kiln is formed of 

vet (*(m>iderable variations are made in the practical cast-iron plates. Arches built in the masonry allow 

derails and in the size of the piles, according to the of openings being made at the level of the floor for 

narure and quality of the ores. Thus ores containing the extraction of the calcined or roasted ore from 

much carbonaceous matter, sulphur, or other com- the bottom of the Min, while the calcination is still 

bustible substance, are treated in longer heaps, with going on in the upper zones of the kiln ; other open- 
less width at the base, than those above described, ings above these serve for the admission of the air 

whilst the height of the pile rarely exceeds about required for combustion and maintenance ot the- 

8 feet ; such heaps are preferable for the roasting heat required for the calcination, 
of these classes of ores, since they do not attain to ihese kilns are^chaiged 

so liiirh a temperature as the larger heaps, and the hres upon the cast-iron bottom, an t len p acing it 

ore is' not, therefore, so liable to'beGome fused to- ore around these fires to the depth ot a few inches, 

a'ether. Further, the bituminous class of (3res requires following which, when this has attainec. 'o a ref, 

to l>e calcined in larger pieces than is the case with heat, is placed another layer of some nine inches m 

iirgilkceous and other ores free from combustible thickness of ore and small coal, in the proportion 

matters ; but ores, such as those of Westphalia, of about 1 cwt. of coal to 1 ton of ore ; this last 

which are less rich in carbonaceous matters, ai'e layer, after attaining to redness, is, m i s inn, again 

usunllv treated in large heaps of from 20 to 30 feet corered with a like stratum of a mixture of coai 

in wiiitli, and from Ifi to 20 feet in height. and ore, and so on until the kilii is quite hlled to 

Boasting in heaps, although still pursued in some tlie top, by which time the ore_ hrst introduced is 

localities, is not the best method, since it involves in ready for withdrawal, an opeiation e ec ec iroUa j 

South Wales and Staffordshire the consumption of the opening.s at the floor level already mentioned, 

about 2 J cwt. of coal per ton of ore ; besides which Fresh additions of ore and fuel are then oontinu^ly 

there is greater diiBculty than with kilns in added at the top of the kiln to rep nee a-wio^is 

regulating the temperature throughout the pile, so withdrawn from the bottom, anc in ns manner le 

as to prevent the central portions becoming clotted calcination proceeds uninteiruptec j in ic ^pper 

together or even fused, whilst other portions are zones of the kiln, whilst the roa.sted ore is at the 

still unroasted when treatina- spathic, pvritous, or same time being withdrawn from the bottom. Ty 

carbonaceous ores. descent of the charge from top to bottom of the 

Calcination hehrecn closed valU is pursued in the kiln occupies from three to four days. 

iMidlands, and in the Hartz. In the latter clay 

Ironstone is treated with charcoal dust or breeze as 

the fuel, and the walls oi the pile are from B to 12 COTTON SPINNING*. IV. 

feet in height built around three sides of a rcct- t-t™v Umnrrr ME 

angular area, the floor of wliich is usually made to [Co»«n«cd/rom j) 14 .-,’] 

slope siiuhtlv towards the front or op^en side. In 

the enclosing walls are constructed draught-holes, COTTON BLIINO ANP STOEING. 

of about four inches in diameter, which are in com- Cotton BuyiTig.—ThQ position of buyer is one ot 
m unication with chimneys built up of the larger the most responsible whicli any branch of the 

pieces of ore, in the interior of the pile, and a cir- cotton spinning trade offers, and should be filled 

culation of air is tints effected through the draught- by a man of thorough practical knowledge of the 

or vent-holes and the chimneys. The temperature processes employed, and of the efecfc upon the 

mfd draughts are more under control, and there is a working of dii^erent variations in the quality of the 
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iibre. At the same time it requires a man to be 
|H*rt‘eetlj in touch with the market, to feel its 
Uuctiiations, and to make certain that he buys, as 
far as necessity will allow, at the best time and in 
the best- quarter. As there is no satisfactory 
standard of purity or ccmdiiion, a cotton buyer 
requires to have developed by constant observation 
the faculty of <leciding^ %vhat amount of foreign 
matter is present, and to what extent it affects the 
value for the particular yarn span. 

He will oficm find it possible to buy, at a farthing 
a p'Hind less, a cotton which for his particular 
purpose will serve as w'ell as that usually employed. 
!n fact the difference between two buyers may very 
well mean that between a good dividend and none, 

that no inanager or owner should be satisfied 
without rendering himself, by careful study and 
oliscrvation, master of this important branch of the 
trade. Where the manager possesses the proper 
^piUilificatioiLs, there is much to be said in favour of 
combining his office with that of bn3'er,as it is only 
natural that tlie man responsible for the quantity 
and quality of the production should be the p€‘r.scjn 
rno--t anxinus to provide the must suitable raw 
ntatoria! at the lowest possible price. 

Ah kmring upon the question of cotton buying, 
It is advi«ible to devote a little space to the ex- 
amination of the different impurities found in the 
irt>tton as it reaches this country. The natural 
impurities have betm previously mentioned, as seed 
ur knif particles and unripe fibre, as well as that 
proportion of dust which is almost tmavoidable in 
>tmie climates. There are, however, added im- 
purities, added soinetinies by accident, but more 
uften by intention. Among those occurring by 
accident may be mentioned bolts, pieces of steel 
t les, and even in some cases cigars and boxes of 
matches. The most frequent additions with 
fraudulent intent are sand and water, both of 
wliich Hubstanoes are present naturally as well in 
tnost samples of cotton. 

(’'otton is very hygroscopic, its w'elght varying 
from day to day according to the dampness of the 
air. but in many cases the addition of water is 
plainly a]>parent ; as to sand it is sometimes in 
sut'h quantity as to make it iinpos.sible to believe 
its pre.sence to be accidental. 

The varying of cotton in weight according to 
weather may reach four per cent., but in many 
s.'unples moisture amounts to ten or twelve, or even 
in some instances to twenty per cent, of the weight, 
.HO tlmt a bu\’er needs to be sharply on guard against 
I his $j>c?cie.s of adulteration. 

d1ie cotton being purchased requires in most 
cases to be stored until needed,/,.and where. this 
storage is at the mill, it is a matter 'of course, that 


the stores should be unconnected with the manu- 
facturing building.-, except perhaps the opening 
and mixing ronni.n, which are also better to be in a 
building not directly cunnecied with the mill 
proper. 

I'ntil the bak^s are received into the mill, 
all the lua no facta ring operatiems have been per- 
formed in the eoimtry of growl 1 l and at tiils point 
it will be adivisabie to state tiu* nature and order of 
the processes still to^ be employed before the* 
finished pr<xluci can be phieed upon the market. 

Tliese are in order erf operation— 

The operation of 
bale breaking is described by Its name, wliile mix- 
ing Is required for thcj purpose of ensminga yarn 
of a fixed quality ar a price as low a=. possible. 

Opening . — To bring the compressed and matted 
fibres into a natural condition, and to irc.*e the cotton 
from the grosser impuritie.s. 

Smfehtng txntf iMppuig. — This process continues 
the opening, ami furms a Iap> or continuous web of 
cotton fibre to facilitate the further %vork. 

— This is intended to laj' tlie fibres 
approxiinati‘ly parallel, and to form a sliver, or 
lui»se untwktetl rop^Mjf cotton. 

l)r(nch}g, "in this proce.ss several .slivers am 
combined into one, ami drawn out to a much 
greater length, wliich helps to equalisi; the weight 
per unit of length, and to further the arrangement 
of parallel fibres ainied al. 

Comh Lapping is a repetition of the doubling as 
in the drawing frame, and the fi>rmat.ion of a roll 
of silver for the use of tlie maciiinery in the next 
process, 

Vmnhltig completes the paralk*Ii.sia of the fibres, 
and removes any which are too short, or too en- 
tangled to be laid parallel. Thi.s and the previous 
process are only employed wdien .spinning tiie finer 
and higiier qualities of yarn, and are not required 
for yarns of moderate numbers. After combing 
the drawing operation ina}* be repeated. 

Shthlmj signifies the operation of reducing flic 
thickness of tiie drawn sliver, twisting ifc very 
loosely, and building it iqx)n a bobifin. 

BoriiUj carries the preceding procc.^^s further, and 
may require several repetitions before tlie spinning. 

typhuiiiig . — In this proce.ss the manufacture of 
the yarn is completed by the continued reduction 
of the ro-ve in size, and the addition of the necessary 
twist. All further operations are for the conveni- 
ence of packing, transport, and sale. 

MLXiXCJ AND OPEXINCr. 

Bale Breahhig ami Llulng. — The actual work of 
an English cotton mill begins with the “hale 
breaking"’ and mixing operations, which wtre 
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formerly performed altogether by hand, but are 
now in great part executed by machinery. In 
earlier times the mixing and breaking of the bales 
were carried out as follows:— 

Tiio bale ties being cut— an operation for wdiich a 
jiowerfal pair of shears should always be used in 
preference to any axe or chisel— the cotton was 
])ulied out in small pieces and spread in a layer u 
few inches thick upon the floor. This layer being 
linished. a second was iormed upon it, using tlie 
other ingredient of the mix and proportioning the 
layers, which were repeated alternately, in the ratio 
of the quantity of each class of cotton to be used.,. 
The size of the pile %'aried, but it is always advisable 
to make a mixing as large as possible, as leading to 
that uniformity in the quality of the yarn spun 
which is a great object of every spinner to secure. 
Xotliing irritates buyers more, and more surely 
injures sales, than uncertainty as to the quality 
of the yarn turned out, and ever}^ manager lavs 
his plans to obtain by all means in his power a 
reputation for constant uniformity in his spinning. 
Of course, this can only be approximately ac- 
complished ; yet it is wonderful how much may 
be effected towards the desired result by skill and 
care in buying and mixing the ra'w material. 
Therefore, as has been said, as large a x^ile as 
possible was made, and when ready and required 
for use was drawn down in vertical section by a 
rake for the supply of the openers. 

Except that the bale breaking is now the work 
of a machine, and that travelling lattices are often 
used to carry tiie cotton from the bale breaker to 
the mixing floor, the above description w’ill apply 
tO' present practice. 

The need for mixing arises from more than one 
cause, the leading factors being the desire for 
economy and the necessity for uniformity. It w’ill 
easily be understood that no two deliveries of 
cotton are exactly alike, or would produce yarns 
identical in appearance and strength if treated in 
precisely the same way. It is plain, too, that by 
adding a proportion of cotton of another class the 
resulting yarn will be altered, and the highest skill 
of the cotton worker is required to vary those 
proportions in each mixture so as to arrive as 
nearly as possible at the same result each time. 
As to tlie otiier reason mentioned, that of economy, 
it is often the case that if the cheaper cotton were 
used the yarn would be too low in quality, while if 
the higher- priced variety were alone employed the 
resulting yarn would be too expensive for the 
buyer. It is, however, possible, by combining the 
two classes in proper proportions, to produce a yarn 
at a moderate price, and of a quality sufficiently 
go*d for the purpose required. 


It is not possible to mix cotton properly without 
careful consideration : the fibres should be approxi- 
mately of the same class, the colour requires at- 
tention, and most essentially the staple, or average 
length of the fibres, should be the same in cottons 
intended to be worked together. In cotton where 
the fibres are naturally very uneven in length, the 
action of the preparing machinery tends to separate 
the shortest ancl throw them out as waste, as in 
the carding and combing, or in the drawing, to 
cause irregular thicknesses in the sliver, as will be 
explained later. It is therefore very important to 
consider the length of the staple when settling the 
mixture. 

Considering all the difficulties in the way 
of complete success, it will be agreed that the 
manager wffio has paid careful attention to this 
point, and has really utilised his experience, is 
much more likely to acquire a reputation for well 
spun yarns than he who mixes more by guess than 
by skill. Even with the most experienced man it is 
advisable to experiment with each mixing, by 
passing through the different processes a small 
quantity specially prepared, comparing the yarn 
with a standard sample kept for the purpose, 
varying the proportions until satisfied, and then 
completing the mixing in the light of the experience 
thus gained. It is impossible to give any standard 
mixings, as these necessarily vary with the differ- 
ence in character in successive crops; but the 
following may give some idea of common usage. 

American cotton (Orleans, Texas, etc.) will mix 
in varying proportions wuth white Egyptian, 
Peruvian, or Surats, proper attention being paid 
to selection. The Peruvian will mix with wdiitc' 
Egyptian and American, while the Sea Islands will 
only mix with cottons of the same class, the length 
of fibre being so peculiar. 

As illustrating the principle, the following short 
table sbow^s mixings which have been successfully 
used, but the student is cautioned that each spinner 
varies the mixing to suit the standard character of 
his yarn, and therefore the table only illustrates an 
approximate practice : — 

lOs to 15.S. Say waste and Indian i and 1- or 1 to 2. 

IGs to 20s. Indians alone, or mixed -with American, for 
instance, Dhollerah f, Texas If. 

20.S to 24s. If so desired can Le spun from the better classe.s 
of Indian, or Surats h Texas 

24s to 28s. Raise the proportion of American to I or § of 
the whole. 

2Ss to 3Gs. Use better qualities of above mix, or substitute 
Peruvian for Indian. 

86s to 40s. Increase the proportion of Peruvian, or use 
better qualities of American. 

40s to 50s. Use say good Middling American, with South 
American such as Maranhams, or substitute White 
Egyptian for South American, 
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breaker. From this mixing machine the cotton is 
sometimeis coiivevec'i by tnivelling lattices to a store, 
and afterwards fed by iiand to tlie apron of tiie 
opener*, as is also sonsetimes done where tiie c‘orfon 
is mixed after the bale breaking. Tory 
however, where the uaitinlal is mixetl ai tliis stage, 
it is conveyed by piiiniiiiatic i r in iks direct to 
s, the opener, and by tiiis iiiiu.'liiiit* i>penHl up, 
and freed from the grus.-er iniparities. joif*. 
fonaetl into a lap. 

\§ It i.% of course, wtil as maeh pt»>,dblj. 
avoid handling, as ksseirhrj* llie expense, an-l 
this latter uietliod of working is \ery 
f 111 in this respect . The iiiachinery emploved 
is ingenious, and has haa a very grielnal 
/ ■. developmeiit. 

A machine in very common use (Fig. P) a.' 
made by 3 l€*ssrs. Dcbsou and Barlow, consists 
of four pairs of rollers geared togmlier in siicli 
a rnaiiiier that each pair nnis faster than the 
preceding so't. and provided with change 
w’lieels so that any rer|iiired amount «.>! 
“di'aft” can be given between the suc- 
cessive pairs. The top t'olicrs are weighted by 
spiral springs, thus allowing them lo rise If an 
extra large and haiv! lump passes. Th(‘ tirst tliree 
pwirs of rollers are constructed by stringing sections 
re.sembling coarsely toothed wheels upon a,n Jixle. 
so that any hroken section can be withdrawn and 
economically replaced ; tlie last pair of riillcrs are 
coarsely fluted, and deliver the cotton upon t.he 
floor, or un a travelling lattice, which may either 
deliver at a distance, or feed the opener near by. 

■ The action of the rollers will be easily iiiidc?rstoo«h 
as while passing between the first pair of rollers, 
and before being quite loosed from their hold, the 
cotton is seized by the second pair, winch are 
driven faster, and by their additional speed is drawn 
asunder, loosened, and enlar|;»*ed In bulk. The feed 
is by a lattice traveller— -a device of very frequent 
einploymcnt in cotton iiiachiiiery — its construction 
being very simple does not require a separate 
diagram. It is made by layiner side !)y .s!<le slips 
of w'ood, leaving slight intervals between, and con- 
nevring them by nmans of flat chains to form an 
endless belt, wiileh may be extended io any con- 
venient dihtance siipportcd by rollers, and fiut in 
motion hy driving one or inori* of these* rrslkrs, 
wliich carry chain wlieels aciina’ upon the iatiice 
connections. 

An improvement upon the four pairs of rollers 
consists in using two single rollers only of tlie 
toothed ty]H'\ preceded and fullowed by pairs 
of smooth feed and delivery rolls. A series of 
levers are provided, resembling the pedal levers to 
be described in connection with the opeirng 


50s to 80s. Tary tbe propnrtioas of South American with, the 
Americiin, ami for thehneniumhers use mixtures 
fit' Wiiitu Egyi#tittn and Peruvian, or put in Brown 
Egyptian with some suitable American.- 


It ih ridvisabk to take careful records of every 
mix made, keeping a book for the purpose, in which 


should hQ entered the date, the class of cottons 
mixed wifh their act ual weights and prices : tlie total 
wangl'd requires to be carried out and . an . avera..ge 
price stnn?k after making xiroper allowances 
waste in the difforeni proc 6 s.ses, such allowances to. 
be duly entered in each case. The' weight of" the 
bales shcRild be entered at the time of tlioir receipt 
after buying, and this is the weight to be taken as 
t he basis for calculating the total cost, but the bales 
should be re-weighed at the time of mixing., and 
any dillVrence entered, as if the .cotto.n" wercr in 
damp condition when bought and lost weight by 
drying in store. UTie weight at the mixing will be 
rhe <li visor when finding the cost- per pound of the 
mix from the total cost — ^it is necessary therefore, 
as well for this purpose as for ordinary store 
purposes, to carefully enter every bale into a 
cotton store book, noting its marks and weight, and 
keeping a column for the re-weighiug. 

If for any purpose it were thought necessary to 
mix two cottons of dif erent staples, quite a dift’erent. 
process is required. In this case-. -the cotton is 
pas.sed through the opener without mixing, and a 
lap formed. Laps of each variety of cotton, in the 
proportion required, can then be fed to the iuier- 
mediaie scutcher and a mixed lap formed, which 
Tt'quires most careful treatment in all tlie sub- 
sequent processes to ensure an economical result. 
The mixing i.s often done at the bale breaker, 
when a morf' than usually skilled band is required 
to feed the machine, .selecting his cotton from the 
open bales around him, and mixing it in the 
necessary proportions on the lattice of the bale 
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maobines^ .quite close , together, and, bearing 

along the whole bottom surface of the toothed 
rollers. Tliese levers 3deld singly when a .lump 
passes, and allow it to, be drawn asunder by the 
rollers wvithoiit affecting the adjacent levers, thus ' 
aiding in keeping a more regular passa,.ge ,througii 
the machine 


PBOJECTIOK. — lY. 

[Conflmml from 

PROBLEMS OX LINES. 

We liave already seen (Fig. 9) that in general 
the true length of a line is different from the 
length of its plan or elevation, the following 
problem is therefore important. 

ProhUiu 1. — Given the plan a h and the elevation 
a' h' of a line (Fig. 43), to determine its true length. 




Consider the line in space together with its pro- 
jections. Let A B (Fig. 44) be the line in space, 
a, h and a' 1/ its projections on the horizontal and 
vertical planes respectively. The line A B, its plan 
a h, and the projectors A a and B h form a 
quadrilateral, with the angles at a and h right 
angles. Also the projector a A is equal to A a/, the 
distance of the elevation r// above XY; similarly 
hB=.B ¥. Therefore in Fig. 43 draw a a and h 0 
at right angles to the given plan h and equal to 
A of ^iid B // respectively, a ^6 is the true length 
required, since the quadrilateral ab 0 a (Fig, 43) is 
14 


equal in every respect to the quadrilateral & b A 
(Fig. 44). 

It is easily seen that the true length could also 
be found by drawing a' gj and h' 0i at right angles 



to of b' (Fig. 43) and equal to A a and B b respect- 
ively ; a 1 0j will be the true length since the quadri- 
laterals af¥ 0^ (Fig. 43) and of ¥ 3 A. (Fig. 44) 
are equal in every respect. 

Every straight line, if produced far enough, outs 
the horizontal plane and the vertical plane, or is 
parallel to one or both co-ordinate planes. 

Traces . — The point where a straight line cuts the 

hL is ‘tailed the horiLolital ii“®- 

Problem 2. — Given the projections of a line, find 
its traces. 

The of every point in the 

plane is in the x y, therefore the of the 


horizontal 


trace is the intersection 


elevation ^ ^ 43 and 44). 

ir “■> .t .h. SS., I. g.. ir 

taking a projector from the the 

horizontal Stlf ““ 

sti“aight line. 

The inclination of a line to the plane 

is the angle between the line in space and its 

plan. Thus in Fig. 44 the inclination of the 
elevation. ^ 

^ horizontal 


line AB to the 


plane is the angle 


between A B and its 


i.e., the 


Greek letter J 

Problem the projections of a line, to 


1 
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det-erniine its InclmatioDs' to the- co-ordinate 
jiaiie. 

Comparing Figs. IS and II, it is evident tiat 


the plane, all the straight lines 1 ring 


vertical 

on the surface of the cone — ’svhicii all ims-s lliroiigh 





•i h It is als«i evident that the lines \vTt(‘X of the eune. Let I'beihe point where this 


and ^ f in Fig. U meet in the pilnt 

a /j* aj Pi ‘ * / 

therefore t’nc angle of inclinution of the line A b 


jjrojeetur cuts x Y, then the radius of the base of 

concise: and with centre [, a circle is de- 

l 




scribed with this radius. Draw a rarlius at an 


cotistrnetion being the same as tji the preceding 
problems. 

Pmhktn I.— To draw the projections of a line, 
having given its inclination to one of the co- 
ordinate planes and the angle which Its projection 
on that plane makes with x y. 

If a right circular cone be placed with its base 


angle with x Y equal to the given angle wiiich the 
plan . . r x 


, ,, ,, ma,kes with XY, Sv required 

levatioii '.v it? ■ 


I'b" mill a projector from S to x Y aetcniiines 




X 

elevation. 


elcvat ion ‘ 

. cLF. 

If the distance of the ends of the line from the 



PEOJECTION. 


co-ordinate planes, as well as its inclination, is 
given, tlie student will have to draw the cone with 
its : vertex and base in such , a position as will suit 
the 'given ■ conditions. 

, By studying Figs. 20, 45, and 46 it is easily seen, 
that air lines having a given inclination to the 

plane have their ^“ations 


the required elevation, A projector from w'l to the 
circle gives a?i the plan of the extremity of the line. 
vx. is the required plan. 

jVate , — There are four lines lying on the cone 
having the given angles of inclination to the co- 
ordinate planes. They are represented on Fig. 47. 

u^ote . — The sum 0 -f (p must not be greater than 
90 ^. 



length, while the lengths ot the 


elevations 

plans 


■ varv within certain limits. 


In Fig. the length 


elevation 


of a line on 'the cone varies from 


r ■ . 


T.here'fore, gLve,'ii tl'ie ' length of a line 


and its Inclination to the plane, we can 


at, once tlie knigtli of its 


We will 


use this principle in solving the following problem. 

, PtoMmi 5. — Draw plan and elevation of a line, 

liaving* given its inclinations to the co-ordinate 
planes. 

Draw a* v' making with XY the given angle of 
inclination to the hi-uizontal plane B (Fig- 17). 
.Make the length a' v' e(pial to the given length of 
line. Draw the projector F with centre ?• and 
radius equal to a* Tdraw a circle which will repre- 
sent the plan of the cone on wdiich all lines passing 
through V and inclined 0 to the H. P. must lie. From 
any point in x v draw a., ro equal to a' v' and 
inclined to X Y, <p being the given angle of inclin- 
ation to the y. P. Draw r.j 1 h joerpendicular to x y. 
% 1 2 is the length of the elevation of all lines of 
true length <7^ ^ i inclined at the angle ^ to the 
V, P. ^ Therefore with centre n' and radius equal to 
% 11* draw a circular arc cutting x Y in is 



ProMem Q . — The plan ce&c and elevation //t?' 
of a triangle are given, to determine its true shape, 
This problem is solved by tiuding the true lengths 


\ V 




\ \ yKCif 



Fig. 49. 

of the sides A B, B G, c A by Problem 
constructing a triangle having its three 
to A B, B c, G A respectively. 


1, and then 
sides equal 
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. In tiie same way we can find tlie true shape of any 
plane polygon A b c d e F A, whose plan and eleva- 
tion are . given. First find the true shape .of the 
, triangle A B c, then of the triangle A c B, then A D e, 
then. A E P. By placing those together in the proper ' 
way the . true shape A B c d e’p a will be obtained.. 
The errors clue to inaccuracy of drawing will be 
less.: if the triangles . taken have all the same base, 
for instance, the triangles taken m.ay he A B c, abb, 
A B E, A B P (Fig. 48). The plan a h.e A ef and the 
elevation tA V c' cV A f cannot be taken arbitrarily 
in the above problem, or the polygon will not 
necessarily lie in a plane. The student may assume 
any polygon V c! (V c' f for the elevation of the 
given polygon, and a straight line for its j)iaii. 
The plane of the polygon will thus be vertical, but 
inclined to the vertical plane. A second plan may 
be found on a new x Y by the method explained on 
page, 146, and the true shape of the polygon .may 
then, be determined. '. , 

■ .SECTIONS OP solids BY PLANES. 

, We have seen that a plan and elevation, if both 
full enough, are theoretically. sufficient to represent 
any object ; but there are many objects which can 
be best represented practically by showing the 
shape of a cut made by a plane. For example, a 
{ .. projection of a steam e.ngine cylinder with all its 

I .lines not visible from t.he outside drawn dotted 

I would be '.rather confusing. The arrangement of 

f the .interior of a house cannot be clearly shown on 

I an outside , elevation. ' But if the cylinder or house 

be, supposed, to be cut by a plane, 'and" the part 
\ lietween, the plane and the observer reinove'd, the 

’! .projection of the remainder will give a clear idea 

of constniotion. 

I II! this chapter we -will consider the section of the 
si,.mpier solids, by planes at right angles to either 
- tiie .horizontal or vertical plane, 
i. ■ ProbUm- 1 , — Given, plan and elevation of a poly- 

hedron, find the plan and true shape of the section 
by a plane at right angles to the V.P. and inclined 
to the H.P. 

, As an example, take the hexagonal pyramid in 

Fig. 23 cut by the plane p p at right angles to the 
Y.F. and inclined to the H.P. (Fig. 49). 

5 The elevation F a' of the edge v A is cut by the 

trace of the plane p p in the point a, a is therefore 
tiie elevation of the intersection of the edge v A 
with the plane P p ; from a' draw a projector to 
meet t h in a, a will be the plan of the point of 
» intersection of the edge YA with the plane pp. 

Similarly the points /3, 7 , d, etc., are determined. 
i Now since the intersection of two planes is a 

:• straight line, the plan of the intersection of the 

I face ?AB with th e_ plane pp mull be the straight 
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line ajS. Thus the plan of the section of the solid 
is a ^ 7 3 . ■ ■ ' 

The plan of the lower part of the solid is drawn 
in thick lines. ■' 

The true shape of the section of the solid is got 
by making .a new plan on .a, „new. ground line 
parallel to p p, or coinciding wdtlx pp. The new 
plans of the points of intersection are marked off 
along the projectors at the same distance from the 
new X y as the old plans are from the old x y. 

Plane Sections of C7ireed[Stirfaces,----The section 
of a curved surface is obtained in a similar manner 
by drawing lines— straight if . po.ssibIe— on the 
surface ' and finding the points of intersection of 
these lines with, the plane. 

ProMem 2.— A cone with axis vertical is cut by a 
plane, at, right angles'' to Y.P. and inclined to the 
.H.P. Find , the true shape of the. section. 

A number of straight lines, say 12, are drawm on 
the surface of the cone and their points of inter- 
section , with ,; the, .given plane , determined. Tiie 
problem is thus reduced to that of Problem 1, and 
the wmrk proceeds , in tli©' manner there indicated. 
A fair curve is drawn through tlie points obtained. 
Fig. 50 shows the' drawdn,g complete. 

It will be noticed that in Fig. 50 the construction 
for finding a the plan of the intersection of the 
li,ne V A and the plane pp, fails, since va and the 
projector a' ct a,re coincident. In this case a “.side 
elevation ” of the line v A should he clraw.n and 
ftg projected, from a\ The distance of %' from 
Xq Tg is the same as that of a .from x t , ' . 

The same problem may be solved... by drawing 
circles on, the cone and determining theii' points of ^ 
intersection with the given plane. ■ ■ Fig; ,51 shows 
an example worked out by this method. 'The con- 
struction can ..easily be made' 'Oiit.by a careful 
inspection of the figure. 


CTJTimG .TOOLS.— 1¥,. 

By R. H. Smith, 

Profmor o/Mcckcniiml Bnrjinetrlng^ Mason's College, 
Pirminglam. 

[Conthi'iicd from j-J. 357.] 

HAND PLANES (cnntrnued). 

Pindanee of Planes . — We have here quite a 
peculiar sort of guidance for the cutting motion of 
the tool, 

Behind the tool the surface has been cut down 
by the thickness of a shaving. In front of the 
edge of the iron it remains still uncut, and there- 
fore higher than the hinder portion. The flat sole 
is therefore tilted slightly upwards, the forward 
end being the higher. 
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riie vrorliman, bearing lieavilv on the fore- end. of 
iliii stool', causes the front half of the sole to coin- 
j the inrjiit surface of the wood, so that the 



I’urwiird of the s..*k‘, instead of being .Talsed 
elear o: the wood, re.ds upon it. The depth of 
>jinving cr.% n:ea,^'r;Vfl hi the uncompressed condi-' 




Id. i:. 


Ihui ci tliC wcoUD lhat of tiu* project iun of the 
edge of the ir n liTnv the sole, iticivased sliglitie 
hi prcipoi1i;»Ji to pressure e.vauied by the work- 
man. 

'f hits if the ir.icnt .siirfticc t?e already tndy flat, 
t! ten so long a-? botli front and })aek edges of the 
sole Tosfc \ipoii the wood, the thickness of shaving- 
will remahj constant and the planingwiil not bring 
the snrhice oat of trath. Rut if there be iineven- 
lies.ses, however minute, Ihen when the tool is over 
I he holluw I arts the whole or the greater part' of 
the pressure is borne at the mals of the sole, while 
tlic iron either does not cut at all, or removes 
tmly an extra thin shaving; when, however, it is 
over a high pla-'e, i!;e full prc-ssure comes on the 
part of the sole near fho iron, and this latter 
lakes a.i extra deep cut, thereby reducing the 
unevenno'S. 

T!ie |we^'-m*e put cn the material immediately ii: 
front of the irrn greatly citmiuces to the clean 
fiftliig of the .surface, it prevents splitting an-l 
tearing of tl.e woinl in advance of the tool. 

i’his spIUtiug is further prevented by the shaving 
b^ang broken cr latlier half broken through a?. 

as ir leaves the surface. In examining 
a .shaving from a plane, lines or small ridges 
are seen rnmiing parallel and crosswise, close 
bM-ach od’.er. If the plane is in good condition 
and the woxl be of ewen texture, these ridges are 
£‘Piced the one from the other at very regular dis- 
timces. If the .slmving be bent ovetj it alway.s 


cracks along one of thcM'‘ lines. They arc seen 
more easily on thick shavings than on thin, and are 
farther apart on the thick ones. 

This cracking of t!ie shaving is cfiVc.tetl when the 
shaving slides up the edge of the top iron. Ilolt- 
zaptTel seemetl to think that this was ^hf^ chief and 
■ indeed the only function of the lop Iron. This iilea 
Is incorrect. It was prolcibly ocea.'^ioned by the fact 
tliatthe top iron of the. try in i- plane Is plareil iini«.*h 
■closer down on the* euttinc' t^ilge tiuin flint of tlu^ 
jack plane, while at the saint* time the Hues of 
cracking in the shavings foan the trying plain* arc 
mucii closer than on those founthe jack, but this 
will be found to result frrsia I he greater thinness of 
the shaviugs and from tin* narrowennonth of 
f •riiier. To te.^t this pohd lim autiiur cluM.*]y 
exaiiiined tiie shaving*s from a lack and fruni a 
trying plane, the muiiths of both of winch were 
■. narn ov ; the planes being nearly luckv) and exact ly 
equal. The top iron of tlie trying pliua? was put 
ch'Kc fbovn to the cvitting edge, while that of the 
jack was set back lamrly an eighth of an inch. 
\ Wlieu both planes took exat'i !y the satiud hickness 
of shtiviiig from the same |sk‘ce of wend, no dif- 
ference of any kind couhl be discov<*n'd between 
..tlie shavings from the two. even when examined 
by a niagnifyiiig bins. The eraek.s w<.:re «*xaetly 
tlu‘ same distatice apart in bmh. When either 
plane* was set to take a sliglitly thicker cut iluiii 
tb.e other, the «litTerenee hauiediatc^ly showed In 
tile spacing of the cracks, this being greater the 
thicker the shaving, whether this eaiim from the 
jack or t!ie trying plane. 

This proves that the chief object in put I ing the to|i 
■iron close down tot lie ciitt ing edge in I he i rying phnu* 
is to keep tins edge perfectly steady, so that it may 
not \ield iiiort* (U- less according to whether it cuts 
over a Idgli or a hollow phice, I'he object Is not. 
tlie more immediate breaking of tiic shaving. 

When an old Jack plane with the sole worn so 
that the inomh was {-incdi wide in front: of fho cut- 
. ting edge was used in tinise experiments, and when 
very thick sliavings were taken, the spacing between 
the line> of breakage agreed more with the distance 
of the tr>p iron edge back from the cutting edge 
t’.iuii with tlie wiutli of the open mmah. 

When there is ii wale month to the plane, the 
setting back of the top iron (‘ondnees to splitting 
in front of tlie tool, and in tlie jack it is set buck 
v,-ith tld.s avow-ed intention, because, as ha.s been 
previously explained, splitting is by far the easiest 
mode of removing the surface of the wood. 

MICHIXE FtANES FOE WOOD. 

Udac/Y?/ c/' the velocity of cultmgbe 

greatly increased, the necessity for applying the 




holding down pressiire close to the tool edge dis- planing blades marked At this part of the 
appears, because the advance of the tool may be machine four rollers marked c hold the timber 
made swifter than the speed at which splitting can down against the upward pressure of these tools. 


CUTTING TOOLS. 


215 


possibly take place. This is what is done in w’ood- The revolving cutter rotates right-handedly so that 
planing machines driven by steam or water power. the blades cat laclmards against the forward feed 
In these, plane irons precisely similar to those motion of the timber. This feed motion is effected 

used in hand planes, except that they are without by the four-ribbed rollers d driven by spur gearing. 

1 any top iron, are held by screws in a block which The boards then pass under the revolving •cutter- 

i revolves at such a speed as to make the cutting block e, w’hich planes their upper surface, vibration 

velocity of the tool-edges from 4,000 to 10,000 feet or “ chattering ” being prevented by the holding 

per minute, the slower speed being suited to the down roller /. Here the boards slide over a fixed 

harder qualities of timber. flat iron table, and the thickness to wdnch they are 

The revolving spindle on which the cutter block reduced depends on the exact level of the spindle of 

; is fastened is horizontal. The surface of the wood the block e. This process is, therefore, termed 

■ to be operated on is also placed horizontally ; or, “ thieknessing.” The bearings of spindle e are in a 

where different surfaces at right angles to each sliding carriage, which can he adjusted to the 

other are to be worked simultaneously, the largest required level by the screw and hand-wheel g, 

and most important of them is horizontal. This block revolves left-handedly, so that the 

The bevel of the tools is somewhat shorter than cutting motion of the tool-blades is again contrary 

i that of the iron of the hand plane ; that is, the to the feed motion. The side edges of the board 

cutting angle is made larger to give the edge greater are next dressed either plain, or with groove or 

strength against the occasior.al sudden extra tenon as may be desired, by the vertical cutter 

resistance caused by unevenness of the uncut blocks one only of which is seen in the engraving, 

surface or by knots. The angle at which the blade the other lying on the hinder side of the machine, 

is set to the plane of the work is also made greater, This block overhangs (vertically) its* bearings, the 

zianiely', about 55° or 60°. lower one of which is seen at These bearings are 

; The blades must have a width at least as great mounted on a sliding carriage, which can foe 

as that of the planks to be planed. adjusted vertically by help of the crank-handle Ji. 

' A planing machine of Messrs. A. Ransome and Here the wood is steadied at the edges by the 

i Co.'s make is shown in Fig. 12. The boards are weighted rollers 1. At m- is a small extra cutter 

j fed in at the end of the machine seen at the right- block on a horizontal spindle, by which a bead or 

^ iiand side of the engraving. They are first surfaced moulding can be put on the under edge of the 

on the under side by a revolving cutter-block, the board, if desired. 

end of wliose spindle is marked a in the illiistration. Finally at % may be clamped fixed planing blades 
This under surface is next finished smooth by for smoothly finishing the side surfaces already cut 

extramely fine shavings being cut off by the at 7^. 
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The holding clown rollers e are pressed down by 
springs whose force is easily regulated by the nuts 
and screws at top of their spindles. The pressure 
on the feed rollers d is applied by heavy weights, 
and fills also can be adjusted to what is needed up 
to several tons. These feed rollers are from 12 inches 
to Id inches in diameter in different machines. 

Fig. Ill shows an enlarged section of one of the 
liurizontal cutter blocks, and its bearings. The 
block is of cast steel. It €arr!e.s three cutting blades 


plane up wood surfaces with a high degree of 
smoothne^s and ^ini^h/' 

TemniiWj and Mer M&tdihin. — There is a large 
class of tenoning, tongiieing, grfHiving*, beading, 
match-boartling, flove-tailing machines, etc., wiiich 
are all constructed on very niuith the same |«’iiic!ple 
as that of the last dc^erilied. Tlieir appeanince is 
often much coiiipli(*ated i^y their being arrainred 
with several diitereiii i«n.»ls to do, as many different 
kinds of work, all inminted on tln^ same framing. 


. I 
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(sometimes four) clamped in undercut slots by 
T-headed screws. These blades and also the fixed 
blades are about J-inch thick. In tlie block the tip.s 
of the blades revolve in a cinde of about 8 inches 
diameter. Witli recently improved beanngs the 
speed may be as higli as •LetKl revolutions per 
minute* Tins gives a linear cutting spee<i between 
and K.M HK) feet per minute, and the rate of 
feed may be* 3d to 40 feet |>er minute. The bearings 
are of the hardest gun-metal To get them exactly 
in line with each other, the brjisses should be first 
carefully fitted in their cast-iron scats in the sliding 
carriage; and then, the covers being firmly bolt ed 
down, they should be bored out in a boring lathe at 
one setting. To allow of successful running at this 
high .speed without heating, the .spindles must lit the 
bearings very exactly; the bearings must have a 
length of four to six diameters ; the two bearings 
must he in very accurate alignment; vibration 
must be entirely prevented by the framing being 
stiff and massive ; the lubrication of the bearings 
must be copious, and especially regular ; the feed 
of the timber mmt be very steady, not in the least 
degree jerky, and the steailying rollers must 
entirely 2 >revent chattering ; and lastly, the block 
and the blades inusfe be very exactly balanced, a.s 
otherwise the centrifugal force of the unhalanced 
parts will produce vibration and wear. 

if the x^lank be fed forward at the rate of 40 feet 
pc^r minute and the spindle make 4,400 revolutions 
per minute, the advance per revolution will be 
= tItf If there be three 

blades in the block the depth of each cut will 
Therefore be 0-04 inch; and with four blades it 
wtmld be no jnorc than 0*03 inch. In consequence 
of the combination of this very small depth of cut 
with the very high speed of cutting, these machines 


In America, where so mucli more timber is con- 
verted" than here, and where manual labour is 
much more expensive, the de.^igHK of such machine.'^ 
show frequently great ingenuity and skill in arrange- 
ruent of parts. 

.SAW.S AND MlLIiiNC MACHINES. 

.A class of machine tools very much resembling 
in principle those last dealt with includes saws 
for wood, saws lor iron, and milling machines for 
met ah , , 

Saws lor wood of the commoner sorts differ from 
the planing machine in having their cutting chisels 
made all solid together in one piece. This dis* 
tinction, however, can no longer be made as a 
general one between saws and other machines^ 
because large modern circular saws sometimes 
have “inserted” teeth. There rematii two e.ssen- 
tial distinctions, which separate saws for wood 
and Iron from planing machines, but which do not 
apply to milling machines. These are, firstly, that 
the object of the tool is not to flatten and true up 
a surface, but to ^nj^ara/e a block of material into 
two di.stinct parts; and, .secondly, that in con- 
sequence of this being the object, the teeth and 
blade on which they are set are made as •/arr-rc??.* 
as they can po.ssibly be made consi.stently with 
their having sufficient strength to re.^lst breakage* 
To obtain a inaxirimm of strength with a minimum 
of width of face, the thickness of the tooth or 
cutting chisel, measured in the direction of the 
cutting motion, is made as great as practicable. 

{f Timber h/ Tkin- Sams.—Bj making the 
width of face small, two objects of very great 
importance are attained. In the first place as small 
an amount of material as possible is converted 
into saw-dust and thereby almost entirely warted* 
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TMs waste in saw-dust does not appear at first 
sight to be of extreme importance when one "watches 
only a few planks being cut. But when one con- 
siders that this waste is repeated millions of times 
in the course of a year in a single saw-mill, the 
absolute necessity of economy in this direction be- 
comes evident enough. If, for example, a 14-inch 
square log is to be converted by sawing into -|-mch 
planks, if the saw cut away inch only between 
each plank, twenty planks will begot from the log; 
if it cut inch away only eighteen boards f inch 
thick can be got out of it ; and if inch be lost in 
saw-dust, then only seventeen boards will be 
obtained. Thus in the first case about 9, in the 
second 17, and in the third about 2S per cent of the 
timber is lost in the shape of saw-dust. 

If these logs were 12 feet long, then in the first 
case, there being twenty-one cuts, each 14 inches 
deep andyV thick, there will be more than If 
(exactly 1||-) cubic feet of timber converted Into 
saw-dust for every log. In the second case there 
would be 2| cubic feet lost ; and in the third 3-|^ 
cubic feet would be the waste in saw-dust. 

If now we suppose that a single saw-frame cuts 
up fifty of these logs per day, and works 250 days 
per year, the losses per year in the above three 
cases would be 19,150; 34,350; and 49,150 cubic 
feet of timber per annum. Taking this at the price 
of 2s. per cubic foot, which is a fair average for 
yellow pine, we find that the above three yearly 
losses are represented in money by £1,915, £3,435, 
and £4,915.', This example serves to show the 
extreme importance of saving by making as little 
saw-dust as possible. , Although £2,000 or even 
£5,000 may be only a small fraction of the gross 
annual expenditure at such a mill, it may still be a 
very large fraction of, or even more than the whole 
of, the possible annual 

Saving of Power hy Tkm Saws. 

— Secondly, it is almost self- 
evident that the power required 
to drive the saw becomes greater 
in simple j)roportion to tiie width 
of the cut it takes. To save horse-power in the 
steam or water driving engines also, therefore, thin- 
ness of the saw-blade is of the greatest 
utility. Even in hand-saws, the differ- 
ence in fatigue to the workman is very 
spc^edily recognised by anyone who tries 
saws of ditferent thicknesses on the 
same ..wood. 

In the hand-saws used in England the 
cutting stroke is a push outwards from 
the shoulder of the workman. This mode 
of using the tool has been perpetuated 
bv*the Anglo-Saxon race in the United 


States, . Canada, and the British Colonies. The 
blade of the saw is thus th.XG\Ytim compression, and 
in order that it may have sufficient stiffness to pre- 
vent it buckling, it requires to be made far thicker 
than if it had to transmit the same force in tension 
only. On this account chiefly, also, English saw- 
blades for hand-work are (and require to be) made 
of a much better quality of steel than would other- 
wise be necessary. 

In Germany, Italy, and most of the European 
Continent, as well as throughout the chief peoples 
of Asia, hand-saws are used in tension, the cutting 
stroke being a pull towards the chest of the worker. 
In consequence, the blades are made very much 
thinner than those of English saws, less material is 
converted into saw-dust, and less exertion is re- 
quired for a given rate of cutting. 


DEAWING FOE OAEPENTEES AND 
JOINEES.— IV. 

[ Co n t i % u e d fr o m p , 161.] 

JOINTS IN CARPENTRY AND JOINERY. 

Fig, 42 exhibits two methods (a and b) in which 
timbers can be united at right angles to each other 



when they are not to cross. These illustrations are 
too plain to need any explanation. 



Fig, 44. 
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: THE; NEW-'TECHNiaiL,. EDCCATOR. 

Fig. 43 is one of the numerous- methods 'for - of timbers are firmly attac lied to, beams or wall 
miitiim timbers at an angle of a bixildmg bj meims plates on which they rest. , The. upper surfaces an 



.if a tlovciall joint, by which, means the end of each shown as eat fur the* reeepti* m cl an ai*pt'i 
i.-. lucked inio the end of the other. further sund tlunu together. 


Fig. 41 Mtuws anuthm metijOil by wliieh one 
tliiiliiT is SHilehed on to nuuthcr. Tins is a very 
guofi system, fur the upper liolds as it were by a 
leiitk, which acts against, a shmilder in the lower. 
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Fig. fit is tliC Cuntinental mode oi const ruciiiiu 
framed flooring. Here A is the girder, B B the 
bridging- joists, c the fioor-joists. Here it will be 
seen that the ceillug-joist, D, is not notehed on li» 
the under surface of 
the binders, Init K 
inserted by a tenon 
ttBtl grOOYiC 'ilie 
\ r-tt*oovc or slot being 

f/l/Jf made longer than 

; re»|inred,the eciling- 
joist is placed slant- 
inglyaeross between 
#7 two lunders, its ends 

i. , being in the opposite 

iUids of thr grooves : 
and bv being struck with the mailt t it Is forced 


'I'iH* up'por is thus prevented being drawn inward 
by woight placed upon it. nml the lower is 
^trer.gthe^ed against any pressure which might 
tend io force il outward. 

Fig. 45 is a joint of a similar character, a dove- 
tail being employed in this case, which in Fig. 4d is 
further secured by an additional shoulder. 

Figs, 47 and 4S are methods by w^hich the ends 



into its proper direction 
binding-joists. 




•iglit angles 
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Fig. 51. 


Fig’f. 50 and 51 show four different 
kinds of oblique niortise.s. The prin- 
ciples on which such joints are 
worked liave been given in “ Build- 
ing Construction " in connection 
witii ffgures. 

Fig. 52 shows the nietliod of 
uniting boards aJj in a flat surface, 
called DotveiUuff. The edges to be 
Joined having been very accurately 
|3laned, holes are bored, pins as at e 
are glued into the one, and the pro- 
jecting ends being* inserted into 
corresponding holes in the edge of 
the other board, unites them firmly 
— the edge of the board c and the 
end of the pin being glued. Square 
pieces of bard wood, or dowels, are 
oEteii used in the place of pins, and 
are shown at d. 

Mg. 53 is, a method frequently adopted in 
floor-boards and panelling. It is called Ee- 
bathig, and consists' in planing awaj" , half the . 
thickness of the edge, so as to leave a ledge 
standing ; all tlie boards being thus rebated, the 
ledge left on The one fills up the rebate, or 
abated ” edge of the other. This will be clearly 
understood on referring to the illustration. 

Fig- 54 is the method of joining boards called 
ploughed and tongued.” In this case a groove 
is planed in the one edge, and a tongue left 
(by planing away the angles) at the other end 
of each board; the tongue of the one then fits 
into the groove of the other. In. very good 
^York it is usual to plough hath edges, insert 
a separate tongue. This tongue is formed of 
strips cut the cro.-^s way of the wood, as showui 
in Fig, 55. 

Fig. 55. This method consists in working 
grooves across the back of the pieces a, and 
forcing rabbets into them, as biK The bottom 
of this groc>ve is flat (A), and its sides slant in- 
wards towards the bottom. The sides of the 
rabbet are also cut slantingly, and a joint is 
flius formed culled the ‘‘ dovetail notch.” 


Fig. 57 is an illustration of the method of 
clamping the ends of boards, a 5, by tonguing 
the board and ploughing the piece which is to 
cross it, c. Sometimes, instead of bringing the 
end of the cross-piece flush with the edge of the 
board, it is cut off at an angle, the board being 
cut correspondingly to admit of the insertion. 
This last method is called ?niire elaminwi. 

Fig. 58 shows a very common method of join- 
ing np a flat surface by means of framing and 
panelling. A groove is run in the edge of the 
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frame, the edges of the |)anel are rebated, and the 
.whole brought up flush. 

Figs. 59 and 60 show a portion of a panel inserted 
into a frame where a Hash surface is not required, 
as for example in a common room door.,: The 
double mortise and tenon joints at the corners of 
the frame are secured by thin wooden wedges, one 
of which, a, is shown in the elevation (Fig. 60). 

S’ig. 61 represents one of the many methods 
employed for angle joints. It is the simple mortise 
and tenon, a shoulder being left on the outer side 
of the tenon by which the one piece is secured 
against being forced out of perpendicular. 

Figs. 62 and G3 show another method, which is 
accomplished by means of a mitre, part of the wood 
being left as a tenon at the end of the one part, 
which is inserted into the mortise at the end of the 
other. A pin is then passed through the whole. 


: PHOTOGRAPH 

By T. G. Hepworth, F.C.S. 

[Contimied from j). 178.] 

BACKGROUNDS. 

An important item of the studio furniture is the 
background. Most photographic studios have a 
variety of these on rollers hung at the end of the 
apa:rtment, and so fitted that any one of the set can 
be rolled down at will. . Seme of the backgrounds 
now isiipplied, notably those of. French origin, are 
quite works of art in which . the artist has obtained 
the maximum of effect with the minimum of detail. 
Before choosing a background the student would 
do well to spend some time in oiir Xational Gallery, 
or at some other collection of good pictures. He 
will then notice that our best artists painted back- 
grounds simply with a view' to giving the figure or 
figures before it relief by means of light and shade. 
Taking this hint then, we may feel sure that the 
photographer will do well to avoid the ornate 
background crowded with detail in the shape of 
landscape or architectural adornment, and trust to 
one w'hich is either quite plain, or better still, one 
which is graduated. A special material in various 
tints of suitable width is now' made for plain back- 
grtumds, and can be purchased at so much per yard. 
A woven material, which is graduated, has also been 
recently introduced. If the photographer be an 
artist, he will be able to paint backgrounds to suit 
his owm tastes, should he fail in purchasing what 
he w'ants. »Such a background should be painted 
in distemper, or in flatted oil, a neutral tint being 
employed. It is clear that any method of painting 
W'hich leaves a shiny reflecting surface is in- 
^lnns.sible. 


Under the name of accessories come a great 
variety of objects, furniture, and the like, which are 
made for the use of the photographer, and w'hich 
can be bought at numerous establishments devoted 
to his interests. It must be confessed that too 
many of these are things to be avoided. In the 
early days of photographic portraiture, marble 
columns, elaborately decorated cabinets, chairs with 
sprawling legs, which looked as if they had been 
designed for any purpose than that of sitting upon, 
were common enough. And curiously enough they 
were affected by those photographers in second- 
rate neighbourhoods whose clients were not those 
w'ho were commonly accustomed to such luxurious 
suiToimdings. But happily it wms well understood 
that these things were merely xdiotographic embel- 
lishments. Certainly their like was never seen nor 
dreamt of outside the confines of a photographic 
studio. Times have changed for the better. The 
establishment of schools of art all over the country 
has naturally had a certain influence on photo- 
graphers as upon the rest of the community, and 
“ accessories ” have benefited by that influence. 
But the things are still made, and can foe purchased 
by the unwary, for the ordinary w'orker, if left to 
work in a certain groove, will go on working like 
an automaton, and will not change his methods 
until the superiority of some other man’s pro- 
ductions — very often that of a foreigner — will give 
the hint that he must put his house in order. 

At a photographic exhibition at the Crystal 
Palace accessories of a very different nature were 
shown. These w^ere apparently made of canvas 
treated with plaster, and the design as well as 
the workmanship were evidently due to an artist. 
Coloured a dull grey, the artist had reproduced the 
forms of old cabinets, balustrades, and the like with 
w'onderful fidelity to the originals. And it must be 
remarked that he had not depended upon paint for 
his effects so much as upon rough surfaces and 
moulded projections, which provided their own 
lights and shadows. This w'ork was, in a word, 
of the highest class and of a nature which few 
could equal without training and long practice. 

In the absence of such accessories as these, the 
student will do well to content himself with such 
surroundings as are found in an ordinary dwelling- 
house, and he may feel sure that his portraits will 
be the more natural and pleasing the more he 
confines himself to these simple adjuncts. The 
professional photographer must indeed study 
simplicity if only for the reason that he has very 
little control over the dress of his sitters, Ladies 
will often come to a studio more for the purpose of 
being photographed in a particular gown than with 
the idea of getting an artistic portrait, and when 
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the said gown is of a loud pattern, or with triro- 
iiaings which are violent in their contrast with the 
rest of tlie dress, the photographer, altiioagh he be 
a gifted artist, has a hopeless task before him. 


EXPOsntE. 

The nisk oC Judging accurately the necessnrY 
lime for which a, pl>otographlc plate must, under 
varying eonditkuis, be exposed to the action of the 
lens is ora? of the first, if not the chief, diflieulties 
which assail the beginner. In a studio, this initial 
tliilicuity more quickly surmounted than iindier 
tit her circa msianees, for the sitters are in one fixed 
position, they are illiiininated by a light which 
does ntit vary much except with the time of 
day and under rliSexent conditions of weather ; 
and with a short experience under tlie glass roof 
the operator is able to produce negatives which 
*<eklooi exhibit any fault due to either under- or 
:.ov€r-ex|30siir€?. 

The studio exposure will not only vary with the 
time of day but also whii the time of year, and of 
eourscf according lo whether the sun Ijc <fbscun'tl 
by vapour or be placed inn cImallesK sky. There 
h .also auuilHU* piuiit which dt»es nut generally 
rti‘C'ivc the attention it dt‘servcs, and that is the 
way in which the value of tin? iighl is modified by 
I lie prcsiujce of clomls. It is often thr? case that 
under certain conditions far nwu'c light is rcfflcctecl 
towards the studio on ti cloudy day, that is, when 
there are a plenty of whitt* (uimulus elowls in the 
sky, tliari when the sun is unshielded and giving a 
constant gdare. 

H’lis dillleulty of jndg-ing the correct exposure is 
naturally much increased wlien the photograph Is 
taken (mt of door.*, for here the dillerence td* 
character of every subject must in some degree, 
and often to ii considerable extent, uilect the 
<|Eestion, Wc may, for instance, hrn'e at one 
moment to deal with an open expanse of country, 
or a marine view, which po.ssibly may only require 
an exposure of half a second. The next piieture 
taken may possibly be a woodland scene so .screened 
with foliage and slirouded in darkness, and with 
the light so filtered through a yellow* or green 
ernnopy of leaves, that the leas must be uncovered 
for several minutes. The w’riter has in his posses- 
sion a number of negatives of which the particulars 
nndcT which they were taken ha%’e been care- 
fully noted ; one of these, a woodland scene in the 
Isle of -Man, received an exposure of three minutes 
on a .*unny day in June, Another similar .scene, 
taken on the Lynn, in North Devon, required an 
exposure of double that time ; while a very dark 
scene in the New Forest was not impressed upon 
the plate until fifteen minutes had elapsed from 
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the uncovering of the Ivn*. F* r interior vl< wy. 
where darkness Is gem'rally uaivh laifU'eaceontnatefl 
than it can be under sky lighf, the expr -uiv imiy 
sometimes extend to two or three lioiirs, 

A great number of tables, called expteairr mbs s, 
have been print'd of latr y^ar-. lla-e lahlo- ate 
deeiderlly u*4?fsjl to tin* beghmer. fee/ t! ey will give 
him souiC guide as lo tin ex]i(>iirc f t 

dihercrit kind* of subjects; and he w’lll alsu 'earn 
from such tables limv iht light of the miii varie> La 
actinic value according te tin? ihiieof day or tli" 
month of the year. Such tab]»\s nave l.caai r*i n.. 
]hed with :greai earn, ami tlun mi duuf't tha* 
they firm a useful giilJi* ta 1 4sni|umive I'Xp fsan s ; 
thus wx* ascertain at a guuice tliar a vlf-w of st a 
and sky. constituiirig the \ery brighre*! thir.g> in 
nature with the except inn <T' li.e sun natsi 

receive a less cxpu*uiv than any other kind of 
photographic picture. An open laiidscapc will, 
roughly speaking, waaiit tra-ee tisne* that «gx|o, Mi:e, 
while a lamlscape witli Imavy fullagc near to the 
camera nnmt have a still uatre inlongid time to 
impress its imagi on the plate. Then we conse to 
views under trees, hi whieh, as "we have sx'en, 
exp^usur{‘ i.s n very variable quantity, and so on to* 
well lighted and poorly lighted interior \iews, But 
we would strongly advice even the beginner in 
photograpliy not to rely frio stcadfa*!!}* upon any of 
these exposure tabkfs except as a riiattcr of efliica- 
tiou. The best guidt* of all i.s that of expcrler.cca 
'ilic pihotograpbcr whu has mastered hi* Jirt will Iw 
able TO tell by glancing at the ground glass screen 
of his camera, and nuilrig llie airionrit (d‘ ligdit by 
whieh it is ilhimhiatcd, how lung to uncfaer his 
lens, and this is the proficiency at which the tym 
sbouki aim. , 

Expo.surc being such a very important port of 
pboTographie work, *we tulvlsethe licgiimer not only 
to study the tables referred to, Iml also to test their 
value by actual work in the f^piii air. But he 
would do well in all these experimental essays to 
confine himself to the ii.-e of one partiiuilar stop in 
his lens. He will tlims at once ilo away with a, 
great many diilicultk-s in winch he wuuld find 
him.*clf fiouiRlering were he to avail him>elf of all 
the different stops provided for his lens siicce.s.s- 
ively. When he has had ex|¥*riciice in $*xposing: ft, 
large nnmber of phites under diftVrent conditions of 
light and subject, it will be time fi-r him to sec 
what variatbms can he iirought about by the 
cmploytnent of the other stops with which his lens 
is provided. 

The exposure of a plate and its development 
must always be associated together. The most 
careful development goes for naught unless the 
exposure ha.s been approximately correct. ITe mi^y 
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lay down the rule that an under-exposed plate will 
never yield a good picture, and, unless such a 
negative is that of a subject for which there will 


show a general dai-kening all over the surface of 
the plate with no white patches whatever, and, 
the finished negative will exhibit an image full of 
delicate detail, but so thin and veiled 

I tbat it will be almost useless for 
printing purposes. We shall see later 
on how such a negative can be inten- 
sified by an after-operatidu, but it is 
sufficient to refer to the matter here 
in order to point out some of the 
difficulties which assail the beginner 
in his first steps wdth the caniera. 

The most successful attempt to 
irlace this question of photogTaphic 
exposure on a scientific basis is seen 
in Messrs. Hiirter and Driffield’s 
Actinograph, of which 
an illustration is given 
at Fig. 30. In this 
instrument there are 
four scales, wdiicli cor- 
respond with the four 
factors: light, time, 
lens, and speed of 
plate. This clever 
little instrument w’il! 
indicate exposures 
from one minute in 
duration to the -rryh 
part of a second. The 
scales are movable 

be no opportunity of getting another one, it is far and readily adjusted to one another according to 

better to destroy it at once than to go on dealing light, time of year, time of day, etc., the approx- 

with a thing wffiicli can never produce satisfactory imate exposure being quickly read off. Full direc- 

results. An over-exposed jdate can, on the other tions accompany the instrument, which is small 

hand, be saved by judicious clevelopinent, but it 
need hardly be said that the best result of all is 
obtained IToin a negative which is normal, that is 
to say, which has been what may be called cor- 
rectly exposed. 

The beginner will soon leara that a long ex- 
posure produces a peculiar softness and harmony 
which is unattainable on a jdate which has re- 
ceived too short an exposure. But he will not 
so quickly ascertain the difference in appearance 
between over-exposure and under-exposure as it 
would seem that he ought to do. A negative which 
iias been veiy much under-exposed is soon detected 
< luring development by the number of w'hite patches 
which remain on the plate after the portions which 
liave received the greatest access of light have 
been blackened, and such white patches will, in 
the finished negative, if it be thought worth while 
to finish such a negative, represent clear glass, and 
bring about violent contrast in the printing frame. 

Ai^ over-exposed negative, on the other hand, will 




enough to be carried in the pocket without incon- 
venience. 

The Tylar- Pickard exposure meter is the type of 
another class of instrument which gives on a scale 
the approximate exposure required, on any given 
subject. In this instrument (Fig. 31) a movable 
lever crosses a fan-shaped scale, and this lever is 
moved with the finger while the operator looks 
through the tube at the picture to be photographed. 
He moves the lever, wffiich increases an orifice at 
the end of the tube, until the light admitted is just 
sufficient by which to read certain letters which 
are printed within upon a glass screen. When 




224 


IHE XEW TECHXICAL EBUCATOli 



tliese iettdrs are just visible, ht iviaoves tlic iristru* 
luerit from eve, and sees by litt- po-atiuu of tin* 
lever— which now the /biV of inrlex Imncl-— 

what exposure Is reiiiiircil wltii any iMirthnilar 
(•liaphraLpii with n plate uT orilintiry M/iL>itivene<>. 


WATCH AXD CLOCK AlAKINW-^l V. 

Bt ruviii GL.eoiCA*, 
i/ t.o / jv'b. '< or m' u ' / >. n'f Ct. 

11 (’0 ^ ' C* • . ■ j 

CHKONtiMi;T2.:it AXb WAXl'li MAlilXU a rutlmuib. 

auj iiniin A ” rofl >lio\vn in 
FI A tl is somewhat diiTertiU from tlit onllnary one 
UMil by liiibhers fur le.-tin-r tlio pall of niaiit- 
spriiigs, etc. In a-hliiitm io tlie slibiiiA weight, ihe 
juws whkii grip tIh? spnaivs enn al'O l»e shiitC'd, 
being iixed at any required ilistauec a’oiig the rt»il 
by inc‘ans of a tiuiiab-scrow at the hack. Thi'* 
<mables it to !>e used fur aiiuost any spring, from 
tile weakest to the strongest . 

After adjusting thi? jmdn^'pring, the adjiistliiir- 
rtwl siiunM l'»e |wt on ilie fu^ee square* befurerii<i‘ 
weight IS shifietl, tunl the great wlwel held In the 
liaiid in sndi a position that the weight will draw 
the pill ill the iradniaining si'diig to the other 
ut the dot ill the wiied throiigh which it prie 
jectH. If thf‘ weight of tiie rati docH lint draw the 
pin forward, the iiiaiiitahilng-power spring Is loo 

Fig. 6.--AMi's;risceRoi>. ^ 


strong*, awl imist be weakened: the mainspring 
must be strong enough to draw the maintaining- 
power spring as far as the sled will let it go when 
the |>ower of the spring is pulling on the fusee. A 
brass cap is kst on to the fusee square to keep dirt 
from getting into the hole when the piece Is wound, 
and a pipe is generally screwed on to the plate 
romiil the winding square, and let through the 
bottom of the brass bux. to keep dirt and dariip 
from the chronometer. 

the Wheels ami PhitiNis , — The pillar 
phde has a circle cut out, and a bar screvred over 
it on tlicdialside to receive the bottom and seconds 
pivots of the t bird and fourth wheels : this arrange- 
ment enables the third wheel to be run under the 
centre whet 1, and prevents the seconds pivot from 
being too long. The fourth pinion must be pivoted 
clOvSe to the bar, and must have a deep hollow cut 
in its face to prevent the oil from being drawn 
from the pivot ; the third wheel must be kept free 
of the centre wheel ; and the pinion mast have a 




Imliow’ cut in back or rivei. as must also the 
centre pinion. 

AH the whcfL uavp lo he pnlLlied. If tli* y are 
true mi till'* shies, ihtv are first stuiifd with a 
>i!iooth WatC‘r-uf-Ayr stone un a curk until ihey 
art.* quite Hal, and then phicfsl in the lurms and 
|!uli>hefl eirenhirly W'itii an ivory ptalislier, and a 
juaste made by riibhiim** two phcus of lilue-Moiie 
together with a very lilt le oil. and fiiiidjetl with n 
slip of bos wood and a few rubs with a, piece ef 
willow at the hret : if the willnw is used, for too 
luna* a time, the arms of the wheels wid lie 
romiilcd. 

Althmig*li polishing the wlit'iL i> the irerial way 
of liiiisliitig them, stoning them \ery llulau! .'•moutli 
and cdta'tro-gihiing them will give iheiti a much 
nicer appearance, ami hi^ep tlie bniss from 
tarnishiiig. 

The pillions ami arbnr.'i are highly polished : 
some Jlidsliers burnish the arbors, bat a hlgrii 
polish can be gret very qiiiekly with a zinc poii.riier 
and diamantine. 

The facics of the third and fourth pinions are 
fliiiHlied with the ordinary faring tool, Init as the 
large pivul on the centre arbor precludes the use 
of siK'h it tool, it Is factnl square down tr> ihe 
arbor; the pinion is plac(‘d in the Iwnis. mul small 
turns that lit into the rest holder carry a roller 
mounted cm an arbor; this roller is brought lo bear 
against tlie face of the pinion, and the pinion is 
rotated backwards and forwards with a 

^ bow. The roller first used is stetd, to 

sqiKire, after 

which soft metal rollers are used for 
finishing^ ^ 

Jeiteiihiff , — The third and femrih holes are 
usually Jewelled, although some makers object to 
jewel these holes, as the pivots are apt to befome 
black ; but if jeweiiiiig is indispensable in the 
escapement holes, it is also necessary here, and if 
tlie holes are good and well made, the pivots will 
not wear. ■ 

Tlie fourth wheel hole in the upper pskte? should 
be jewelled witli an endstone, although it h 
seldom done, a.s a pivot of equal size is stroiigi*r 
if conical than one with a srpiare slimilder, and the 
pivot will run with less frictlmi on the end than 
on its shoulder. The oil also keeps better in a 
covered hole. 

Sjjaftinff the Phies.--'Xhe spotting of the ]ilatcs 
is a branch in itself: it is done in an engine re- 
sembling a whecd-cutting engine. 

Watch Finishing, — The various operations that 
have hitherto been combined under the name of 
watch finishing I have to some extent treated of 
septmately, for I think that, if ever w'atchinakfng 
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rc>iune It? loriuer proportion? in EngiarJ, some 
more et'onoiLiical and rational system must be 
inirsned in inaniit'actnring than that now. in vogue. 
No better way could be devisfid of making a yoiinaf 
n-an. a thoroughly praeticai watchmaker than by 
apprenticing liim to a iinislier first, and afterwards 
tu an escapement maker. But the time occupied 
in waiting for work tliat must be done by others, 
such as jewelling, engraving, gilding, etc.; the 
diversity uf riie work — from pivoting and planting 
the barrel an<l fusee to inaking and phinting the 
.'-tnd and index, etc. ; and tlie tools and appliances 
necessary to enable one man to do these things in 
riie best manner are so considerable that it has 
not been possible Cor even the most competent 
w'orkmen to obtain sufficient rem one rat ion for the . 
tlzne and labour expended on the best work. 

Testing the Wheels , — The first w'ork is to get the 
wheels ready for gilding, and it frequently happens, 
in movements that are not of the best quality^ that 
they require to be thinned; in that case they 
should be placed in the frame and the space for 
I hem noted. I have often found finishers thinning 
wheels from ijabit ^Yhen there vras no occasion for 
their doing so. 

Idle pinion arliors imi.'-l be sliortened and the 
] unions and wdieels got true; the wheels must be 
\ua<lo perfectly true on the sides, square and flat 
(first on a cork with a piec>e of Water-of-Ayr stone 
and afterwards n!])]>ed circularly in the turns); 
and hollows must be out in tlie wheels to permit of 
the rivets rtf the pinions being polished without 
touching them when they are gilt. It is sometimes 
better to make the fewer jfivot on the centre wdieel 
arl>or before the wheels are gilt, as then tlie barrel 
and fusee can be worked into their places, 

liuvnhifi in the Wheels. — The centre pinion has 
an arbor fitted into it projecting at each end far 
eiiougii to put a ferrule on it ; a deep hollow is 
(*ut in the back of the pinion, and the xfivot made 
as close to the ’wheel as possible. The hole in the 
plate should be wcfil ciiamfered and a turned 
stopping of good brass [iut in it, the stopping being 
allowed to projocl on the dial side of the pfiate: 
Tlie centre wheel should always be kept a little 
i below the plane of the plate, to give it sutticient 

i iVeedom from the barrel and great wlieel : the fusee 

: and balance being put into the frame, it will be 

‘ seen if there is .sufficient freedom between tliotn. 

! If the balance is a plain om\ and is quite free of 

1 the fusee brass, the cliain will be free al.so, but a 

i t‘ompensation balance should have more room 

I allowed it, as the rim may ])e bent after it is cut b}’ 

careless handling ; if the movement is right in this 
re.specr, tlie fusee can lie pivoted and planted. The 
bari^l hole in the piillar plate need not be stoppcul 
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if the barrel is a proper height in the frame, and ti 
sufficient distance from the third wheel arbor and 
the great wheel. The upper fusee pivot should be 
a.s long as possible. Movement makers do not 
leave it long, as it is a common practice to cut and 
polish a hollow in the fusee arbor ; but there is not 
spjace for this with a long pivot, as there is a hollow 
cut in the reverse side of this shoulder in the 
rachet wheel to admit the short projecting pipe of 
the great wheel. Since, then, there is not thick- 
ness enough for a hollow’- on both sides and space 
for a long pivot, it is much better to leave the 
shoulder square and turn the fusee piece sloping 
from the hole to make the bearing light, or take a 
large corner ofl the shoulder, polishing the slant, 
giving the required bearing as with other square 
jiivots. It is customary to polish the inner and 
outer edges of the fusee cap before snailing it. 
The inside edge, after being turned to the required 
angle, is polished with a tool similar in principle 
to an ordinary pinion facing tool, but turned or 
filed to fit the angle or edge of the cap ; the outer 
edge is more difficult to do ; it is always polished, 
even in common wvatches, but there is no reason 
why it should be, as it is not always ornamental. 
The outer edge being sloped off in the turns till its 
edge comes to the plane of the topi part of the brass 
cone, is polished with a broad polisher, one side of 
w'hich resting on the hra.ss, enables the edge of th€’i 
cap to be polished quite flat : the back of the hook 
is filed to a corresponding edge and polished on a 
cork. Some finishers take out the arbor and polish 
it all upon a cork. 

The pin-hole ill the collet and arbor should be 
broached until it is sound with the fusee together, 
and, if the wheel and collet are too thin to boar re- 
ducing to give the nece.ssary freedom, a piece of 
tissue paper placed bet-sveen them while the hole is 
broached -will ensure it. This freedom of the 
great wheel is a point generally neglected, and is 
of much more importance than the polishing of the 
edges of the cap. 

The Top Plate . — The depth of the great wheel 
and centre pinion being determined and marked, 
and the stopping for the fusee hole put in, the top 
pfiate should be turned out for the fusee piece in 
tlie following manner : — 

Place the pillar plate in the mandrel -with the 
centre in the fusee hole, and peg the hole (pegging* 
tlie hole is the only method by which a p>erfeet 
upright can be obtained in the mandrel, and is the 
usual -way of getting it). Take a long peg and cut 
a fine point to it, and, withdra-wing the mandrel 
centre, place the point of the peg loosely in the 
hole. Then by bringing the turning rest up to 
about an inch from the plate, level with the hole, 
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resting the boily of the peg on it. and gently tnniing 
the inaiidrel, it can be seen whether the hole is in 
rht^ centre exactly ; if it is not, the end of the peg 
projt'ct ii 3 g orer the rest will inovj- up rmd down, when 
the dogs must be alightly loosened, and the plate 
lappCHi gently until the hole is in the centre, 

Wlieti the hole is right, tighten the dogs, screw 
on the titp plate, and turn out the place for the 
tusee piece. An exactly similar coarse must be 
followtrfl ill patting in the holes in tfie top plate h'tr 
tin* cinfre wk.ei md barrel ; but the upright of the 
ccaitre wheel is of so much importance that a 
hollow slopping should be put In, and the inside of 
the hole turnetl oat with a tine cutter in the slide 
rest of the mandrel, to nearly the sisie of the pivot. 
It nmy not be requisite with a good mandrel to peg 
tlie hole before turning oat the place for the fusee 
piece, but it is quite necessary to do so witen 
turning out the pivot hole in the piece itself. 

Tin Btirrei Arhir , — ^If the pivots of the barrel 
arbor are of ihe proper shnpM?, the pivots and holes 
will on I}'’ require smoothing, and the barrel freeing 
on the arbor. Instead of adopting the asaal cour>e 
of tiiriiing awiiv iIm* hossf?s In the barrel and cover 
to reduce; the rubbing surfaces, a deep ladlow 
shoiiid ht‘ turned, and a shoulder formed on each 
side of the arbor of a snfticient width, and the 
Imsses sliould Ikj left on the brass as large as 
jios.sihle. It has not been the practice to snail the 
biirrtd arbors of fusee watches, as there was no 
Iroahk with the adjustment of the mainspring, 
English springs being tapered and generrdly filed 
tliin at the eye, but tlie arlmrs should be snailed 
(and they probably will be now by the movement 
maker), and tlie hook .should nut project beyond the 
thickness of the sjiring. 

Ilmiktaff In- the — A spring of the proper 

length and strengffi being fitted to the barrel, it 
shcraH be hooked in as follows : — With the spring 
in the barrel, drill a small hole in the barrel a little 
nearer to tlie bottom than to the cover, so that it 
may be in the centre of the inside of the rim, and 
within half an inch of the end of the spring; the 
drill will mark the spring, Eemovethe .spring from 
Ihe barrel and broach the hole to nearly the size 
it is intended to leave ft at an angle of 45®; file 
this hole with a small square file, having a safe 
until it is oblong, ami when it is of the 
refjuirefl size, finish it with a drift. If the hole i.s 
in the middle and has nc^t been drawn to either 
sideuf the barrel by fding it, the end (»f the spring 
can be softened, as far only as the bole for the 
hook, until it is a light blue colour, but it .should 
nut he made softer: the hole is drilled by gripping 
the spring against a piece of wood or brass in a 
small hand-vice. 


The hook should iitoxr uxt'ced one-tliird tli 
widih of the spring, a lergs*r beck iiri!ieces>aril\ 
weakening tim barrel and lolling no better. A 
piece of **ci’tfirtgidai steel is lint d to the hole ii 
the barrel and a mark b’ ‘'Con d on it with a sharp 
point along the inside; of I'uc* Itarrel This mark 
will give the angle* at wins h the shunldcr slnudd b< 
made: if the angle is ie^s tlian 45®, ilic hunk 
probably davuv out tlir is fully wound 

round the arbor, d’he pivtj! nn ihe bonk 1> oftei 
made by filings but r :s mueh hi'iier and uuh*k(‘i 
to make it wdlh a cutler. As the strain eoinc*-* 
em the back of the hucik, the pivot shiadtl hi 
kept as near tile from ;c' pns.^ilh*. The milter i- 
apiece of »teel with a i'ule drillecl in it and fine 
teetii cut on iVice: it ritay t Ither be a pieee ut 
wire with a fenuk* oii it. or it. may he fitted to a 
drill stock. Jii the latter ca-e the hole dioiild bo 
broached from the back tcj i-nable the c.iitier tv< 
fite itself, OUT as the ]Jivot need ia>t be lung, this 
is nut im|>*rativ€* : the cutter should be .sliglitly 
convex en the f.ace to n^'viire a firm seat lorthf 
Imuk when riveted. A ur centre being lefi 

on the sfeel "Ahii-h is !f» bum the bofA% a few 
*-ire»kes uf the bow will fuimi the pivot, ari»! ibe 
angle of the hook when ilic itivol is made sliouh: 
correspond with HkiI of the huh* in tlieterrel Tlw 
pivot i& fitted by oroat'hing and tdiamfering tin 
hole in the sjulng, and riveted by gripping flu* 
steel in a blunt prdr uf «i|»per.s and screwing tbciri 
up in a vice: the rivet shonid U* left long, aiiri 
nutdc* with a few sin ikes fif nitimr a heavy hamraer. 
There is a good deal fh strain on this hook, ami for 
that reasot* the atteijip! uremuadly a failure) at 
using a hook a second tiuH. slioiild never bt’; made. 

About three-eighths of an inch of the spring 
should be left Dfeyond the iiuok. and this end must 
be filed away to a knife Cfilgc. ihe thimiiiig to com- 
mence at the hook. If the spring Is left the full 
tliickiiesp at the end and an uriiisuai strain i.s pm 
upon it, it will break acro'^s the hole wdiero it i- 
weakest, or the lufr»k will draw out. Ifost ivateli 
jobbers know this, and goiicnilly make the end ot 
the ‘Spring so soft ihat it bends, and all the advaii' 
tage of a rigid attacliiia'Uit i-* hvt. 

If the spring is fitted a new 'duitcI, the hook 
can be filei] tlnwii from tlie ourside of the barrel 
andfinishet! on an arbor in tbe turns; if, however., 
the barrel is gilt or polislied. the hook mu.^t be* 
finished before it is fhutlly put. into the barrel ; it i> 
brought to height by Iryhig^ it iti tlielK»le from tit* 
out.side, and filed down and tinished on a cork; tlie 
hook innst not projeef beyond tin? barn;!. If tlierf* 
is any difiicolty found Ingetring tlm lieight of tin* 
ho(»k by ti'yiiig it from the outside, the thicknes> 
of the rim and awhispring can be measured 
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separately by a gauge : the thickness of 

the two together will be the thickness of the main" 
j spring and hook. This is the best way of hooking 

I in the ojainspring of a fusee watch. 

As the springs are now nearly always fixed in 

* going barrels with a steel hook in the barrel, some 

I system should be observed in making them. In 

; English watches the greater part of the mainspring 

is brought into action, and, as no pivoted brace is 
used, the hooks must be made more secure, other- 
wise the spring will either slip off or pull the hook 
withdt. : 

Adjusting the Chain , — When the spring has been 
hooked in, the fusee piece made and planted, and 
the fusee and barrel run in, the chain should be 
; attached and the stop work filed up and adjusted. 

Care must be taken that the hole in the barrel for 
the chain hook be placed so that the chain will be 
just free of the plane of the top plate ; the hole may 
be drilled anywhere in the barrel, provided a little 
is filed out of the cover to free the end of the hook 
should it project into the sink, which it generally 

# does. If the chain is too far from the plate, the 
.second turn will probably ride on the top of the first, 

i hence tlie necessity of keeping it as close to the 

plate as possible, and to avoid this riding of the 
chain, it must not be left too long. The barrel hook 
should come to tlie outer edge of the top plate 
when the chain is wound up). 

The holio'w in the stop may be filed out to nearly 
^ its proper thinness (see Chronometer Finishing, 

page 164), but in no case should this process be 
considered sufficient. 

If watch fini-shers, or even examiners, had 
thoroughly understood the uses of the adjusting 
rod and freely used it, Imlf the faults that have 
been found with the fusee w’atch would have been 
avoided. It is not that the actual adjustment of 
tlie mainspring is of such importance at this stage, 
but, with the fusee and barrel only in the frame, 
any fault that may afterwards give trouble can be 
seen and removed. If the chain does not lie .square 
on its edge on the barrel, it should not be used, as 
no filing will make it do so: it ought to lead freely 
into the grooves of the fusee, and not touch the 
^top the turn before the final one, and, when it doe.s 
tmicli it, it .should bring it close to the top pilate as 
' the hook of the fusee cap comes to it : at all other 

, times the stop should be quite free of the hook, and 

not rise high enough for the end of it to come in 
f f'ontact with the chain on the fusee. 

if the sinks for the barrel and- fusee in the top 
}»late are turned deep, it is sometimes difficult to 
1; pirevent the chain from riding on the barrel hook : 

: r« avoid this, accordingly these sinks must not be 

t arned too deep. Too much end.^^hake to the barrel 


or fusee will also cause this to occai, and the stop 
to act improperly, therefore there should he only 
just freedom before gilding. 

The detent should be pivoted without endshake, 
ratcheting in the steel wheel and just free of the 
great wheel teeth. 

Piveting . — When the wheels are gilt, the pinion 
leaves are polished out with a piece of hard wood 
and red stuff, as the gilding discolours them. The 
centre wheel, having already the hole in the pillar 
plate, .should have the top pivot made below the 
top plate and a stopping put into the plate to meet 
the shoulder ; by so doing, a longer pivot is got, 
and the square for setting the hands can be sunk 
in the plate. This is more necessary in a keyless 
w^atch, the case coming so clo.se to the plate that 
scarcely any square can be left ; in some cases, no 
square is left, and the piece that carries the cai:mon 
pinion has to be pushed out to remove the pinion. 
If the centre pinion is too long, it occasionally 
comes in contact with the steel wheel of the fusee ; 
in that case the pinion should be shortened before 
the top pivot is made. 

As the pivot holes in the bar for the third and 
fourth wheels are generally jewelled, the bar need 
not be very thick, and should be reduced from the 
inside to get as much room for the wheels as 
possible. The fourth wdieel pinion must be 
shortened until the wheel rests on the pillar plate, 
and the pinions, having previously been polished, 
may be pivoted : the fourth wheel should have the 
freedom divided between the plate and the escape 
wheel, a deep hollow being first cut. in the face of 
the pinion, as the arbor beyond the pinion is so 
short that without this hollow tlie pinion would 
draw the oil from the pivot hole. If there is much 
freedom in tlie sink for the third wheel, the back 
shoulder of the arbor may be left longer, as it is 
only necessaiy to keep the third wheel free of the 
centre wheel. The pivots of the third wdieel should 
he of equal thickness ; the seconds pivot of the 
fourth should be thicker than the top pivot, and if 
it is made straight, should have the end tapered 
afterwards, as it is not possible to fit a hand on it 
otherwise that will not get loose in a very short 
time. If the lioles are jewelled, the pivot shoulders 
can hardly be made too small; for, although the 
jewel holes are sometimes sloped off to prevent the 
adhesion caused by the contact of the fiat surface.'^, 
the precaution is of little use if tlie oil becomes 
thick, as the oil adheres to the rounded face of the 
liole much in the same way as if it were flat. 

When the fourth pinion is pivoted and ready for 
running in, the depth with the escape pinion can 
be got in the depthing tool, and marked on the 
dial side of the bar ; thi.s depth must be taken from 
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tlii‘ ca'api* wlioel jewi»l Lole wita tht* eiuLtoaa n.L 
W!u‘ti tlsiJ i.> made cm the iuir, tka cliaL^lio:;!*’ 
ue |mt oil aiul tki* ,seeonus bole raarac^l 'O tLat »i a 
s* anial.^ pivot nv.ty come in the ver.:iv r,i’ rla.* !«ok;% 
ur as II oar to ii a- possibkn Bonie linLLans jnit ;n 
the huttoai lakes only ; but ■’! b net po-.-rnIe to 1 1 * 
of tlie eorractnes.’' rk r; sivptk nntii il.e 
wheels are niv. into the frame; tliert'fore a 
'limihl he pm in the top plate for the fourth upper 
pivots ami the depths and the heights he verified. 

llio third wheel depih> are pitched last, that 
with the fourth pinion hein|r ascertained and 
marked first avA afterwards that of the third 
plinoii Willi r!je e.-ntre whccL 


ORAWIXO FOE EXOINEERa-~»-IT. 

' IPisJiO'roief /my.: p. ITo.] 
lyjvIXG I'M 

Winnx fhe>t fluid is ;di4e to Lmku a fairly mm 
iHfisell drawing he ink In sonic of the simplfr 

]» ‘fjcil drawings he has limun Fi.irs. 1 h, U, 12. an : 
id, ami Example a will giu* pieiiminary |naeiiee ii. 
the use of the drawlnu-pen and ink eunipa-H’s. 

The Indian Ink ost.-l {jiu>f )t( qniti' hlm.*k. Mm-i 
don’t uil> the slick of ink hmpMmiamh, 
and ho use the ink too lipdit, inakinu hruwii l^nc^ 
im^tcar! of hhifk on the drawing. Tin* pen irm>t he 
\vi|icd ch*nn iimlde and outride hefim* taking a fronts 
supply of Ink, After filling with ink the outside of 
1 he pen should be wi|X‘d clean. A piece of hlotiii.r- 
paper or a soft rag will serve for this purpo.se. 

Can* must be taken to have all the ]ine.s on a 
drawing id* the same thickness (c?:ee}»t wiien ^llade 
II lies are iise»1), and for worklnc' drawings they 
Nhoiild he rat her thick, say from to y";./ thicK. 
1 he student must not have the idea, which 
whiely prevahmf . that a mechanical drawiiyg should 
ne inked in with lines a.s thin as po.s>ibIe. 

Circles and are.s of circles mn>t rill be Inked in 
before any cd’ the straight line.s. .since* it i.s mr.ch. 
tuisier to draw' a .straight line to meet rt circle and 
make a ucrit ioiiit, than to draw' rt circle to meet a 
*»tralgh1 line rflready inked in. Fur inking in 
'.Iraiglu' line.s h is better to hrner! ruler a little 
Cileker than would be convenient for pencilling in. 
Ey moving the top of the drawing-pen at right 
angles to II !C ^Jralght-edgc. a slight adjustment of 
the position «.>f the iitk line is <»brained without 
altering I lie position of the straight-edge. By 
Inlying atleidion to this point the joints can be 
very neafly luade. 

Neafness id joining line.5 is of primary import- 
rytoe In inking in. Therefore, if a line has been 
inadvertently inked In a slight distance from it.s 


proper po.siuon as gL'.en liy 
other Hncmc)inecl to It be 
the' corre-pondiiig I'teneii Ihie. 







pu.se the Ihiii lliH‘» in FL'. bo n# repivM'iJt a part uf 
tile pencil drawing, and h. iiJvlng in !ho eireirs 
have been drawn in the poshiuu sliown by the thick 
.lines, the straight lines should l«unked in as .shown 
in Fig. bi. The drawheg will look nmcdi better 
than if the inking in Wite completed a> in Fig. bfi. 

\^lieu using the peii-compasso.s the joint will 
■ have to be readjusted after any considerable alter- 
ation of the radiins of the circle to be drawn. 

if the drawing is to be '•shatle-llneir’ (m? next 
lesson) all the lines should be inked in <|iuto thin ; 
the thick lines are drawn last oC all. iifttr colominf 
shadings dimensloiiinLa efc. 
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Centre lines are drawn with crimson lake colour ; 
they arc drawn continuous— not dotted as in the 
woodcuts— and may be made a little thinner than 
tjie black lines of the drawing. 

Dimension linos are drawn withrPrussian blue, 
continnous, and thinner than the other lines of the 
(h-aTTirig. Ther«i should be a gap left for the 
figures in the part where it will interfere as little as 
possible with the rest of the drawing. 

Working drawings should have all important 
dimensions clearly mai'ked in figures. In the best 

— — — — , — . — — ...conducted w^ork- 

shops .nO' work- 
. . ' ■ is allowed 

to put a scale to 
a drawing for the 
purpose of scal- 
ing ofi: a dimen- 
sion. The reason 

y; ' - — — ^ is . obvious. ' ;A ■ 

' tracing after' ■. 

I knocking about 
in the shop for a 
week or two may 
have expanded 
or contracted 
slightly, and 
what was origin- 
ally a length of 
Idg. M. 12''' may be scaled 

oE Ilf" or 12f". 

The figures and 
arrow - heads 
should be in 
Indian ink. The 

_J point of the 

arrow - head 
. . should lie exactly ■ 

PS ft. 35 . on the line it re- .. 

fers to. 

ShaaelJ — The student, by tliis time knows that 
to represent any solid object at least two projections 
are necessary. But by suitably shading a single 
projection wm form a much better idea of the form 
of the object. We will treat of shading in a future 
lesson. We wish now to show how by thickening 
some lines of the drawing a single projection gives 
us more information as to the form of the body. 

Fig. 33 is the plan of an object, the outer rect- 
angle being the plan of a rectangular prism. The 
inner rectangle may represent another prism on the 
top-) of the first, or a rectangular hollow on the top 
surface of the first prism. Suppose now we thicken 
all lines vrhich cast a shadow^: Figs. 34 and 35, 
although of exactly the same outline, are the plans 
two quite different bodies. 


The light is usually assumed to come from the 
top left-hand corner of the paper, so that the 
bottom-.: .and"- . . ■ . .- . ■ - - . ' ■' 

. right'. -. .hand; ' " ^ — — — - 

sides of pro- 
jecting parts jv- 

are thickened. 

Shade lines y j 

should only, he 

used on draw-- Pig. Sd. 

ings of objects 

the surfaces of which are nearly all parallel or at 
right angles to the plane of jirojection. For ex- 
ample, the plan and elevation of a bevel-wheel 
should not be shade-lined. Working dravrings 

often 

^ shade-lined. 

■ Fig. 36 is the 

\ plan of a cylinder 

^ \ \ with its axis .'ra* 

^ \ I horizontal. The 

j edge represented 

j I m plan by the 

/ // line ah casts a 

shadow and. is 

[j\ ' therefore thick- 

oned. The line 
^^^'"'^=5=======^^ he is the plan 

:Fig. 37. not of a plane 

surface but of 

a line on the cylinder at the same level as the 
axis. The shadow is not cast by this line, but by 
a line whose plan i.s ej\ Strictly speaking, there- 
fore, he .should not be thickened. In practice. 



however, since it is the bottom side of the plan, it 
is made a little thicker than the thin lines of the 
di’awing, but not so thick as the other shade lines. 
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d anti r on which the bills rin. The 
*• COHO *' is screwi'ij Iiarh a;4'ain>t a .'^houl^ ler ihi raeh 
on tiie >pindk*, anti thus liccyiiie^ pratiicahy ape 
innce with t!:e ''|‘:ialle. The ** cene '* t !v afly'.-tih 
.»n the ^pinule until I lie liult rmi> freely fsj th* 
Icsihr, Inu whlujiil aii> aiprtelahle .'■iiak* , The 


s|-i!:ihe l> threatletl Tiiri)uj:ii n; tie* turk: entt, 

tile fork I'iaL oiauipyinu* the F. The inil" 

till the einh ef the spituile ait tlaai f Ijilileiied u| , 
the K !»eht,u*‘ tlia> Ittrketl in |te>|iion. 

Fi-j. n a seetiufi of Warwick's liolluw ilin for 
a I'l" piuMioialie iyre. 

Draw a section of the luio and spiiaik* twice I'ldl 
si:so ; and a coitiphde side elcvatitty of a vdiiH*! 11*^’" 
tentslde dhuncter, with V/2 s|nike‘s, uiul rim and tuc 
as lit Fip. 4L half fall sire. 


bein.u' ar.Jioic i r>> iraw a tLin line, Itut lake a new 
centre e in :i Vnv thnonj!' c, iiiakintr Id- with the 
lioriiioaial, e/ ladiu etpcd to the inaxismiiii thick- 
eiiiiix required; draw tie* seiiiieirele /> « //- The 
space betiseeii the twu MUiiieireles can he oin-ily 
lilletl iiphy sliijhtly retluciiipt he radius atiddruwirnr 
aiuilher are. 

The studeru should practise shade-liniii.u^ th" 
crO'‘s section slsown in Fig. ds, and shouhl he ahle 
to ih) it neatly before utteiiquiug' to s!mde-line a. 
more elalHinde drawing. The first part of the' 
Work of shadedir.iug k shown in Fig, MS. 

Ihe grcitlcst care must he exau'clsed in choosing 
the lines to be UnckeDerU since a .single tldckliiie 
ill tlie wrong pluc'e will quite spoil the appearaiice 
of a dntwing. 

12.-~Fig. h a drawing sbowdng a' 
hiiif-seotion and a half-elevation «,d’ a inih and 
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'In imi 


Ast soor as the nietamurphosis of the aiterpidar 
(Fig. li) into the chrysdis slait* i- cumpleied. tee 
eocooiLs are colieetal. Those which are iiiteridt* 1 
fur breeding purposes are left tt> tiieniselvc* iji a 
room heated to C. lliree weeks aihu’ the 

spinning of tlie cocoon, t lie silk moth, wliich has 
now been formed in the inimior. umits a ] ecuhar 
kind of saiiva ; with this tin* animal softens one 
end of the eoeooa and puslies its %\ay out. A few 
days after the females have laid tlieir eggs ihey die, 
not being proviiled with any organ id nutrition. 
The eggs are slowly driel. and stored in glass 
bottles ill u dry d'ark place* till the following 
S|)ring. 

The good silk is obtaiiMHl from those cocoons 0 / 


spimrie for lim front wheel of a rear-driving safety 
l>ieyeh‘. In tills hub the .spiiku's are .^screwed into 
the flanges their ’Other ends having corneal 
Iseads for altaehnient to the- rim, as shown in 
Fsg. 40. The hub h is made of gun-metal or mild 
steel, ami has a hard steel cup, c, forced in at each 
e-iid to form the ball race. The spindle is screwed 
a.t each etid ft»r the reception of the hard steel 
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svliich the pupse are killed by steaming them in a 
box for about ten minutes. 

After killing, the cocoons are “ sorted,*’ or divided. 

into classes of diilerent 

''must ''app^^ 

Fig. ll.-SiLK Cocoon-. fe.bnc,- hence tlie best 
cocoons are chosen for 
'.‘be warp, since they must yield, strong, smooth, 
oven, and lustrous fibres. Tiiese fibres, too, in 
t:he subsequent process of reeling, are manipulated 
-somewhat differently from tiie weft-fibres. Tlie 
product of this choice and particular treatment 
forms the best quality of silk, i.e,, warp silk, whicii 
is known as Organzhie. A somevrhat inferior class 
of cocoons is worked up to form viaift silk, or Tram. 

39. Silk the reeling process (the 

f.;uachine for which is shown In Fig, 12), a number 
■•of cocoons (4- — IS) are thrown into a basin of warm 
•water A, in order to soften the gnmmy envelope of 
"'he fibres, thus permitting their rea.d> separation 
from the cocoon. Two threads, 

‘..‘.omposecl of an equal number 

4':>f fibres., are passed separately 

through two perforated agate 

.a'uides at B ; after being cros.sed '123332^ 

‘,r twisted together at a, give-n 

point, they are again separated, 

.Mild passed through a second 

j;}air of guides, thence tlu'ough 

the distributing guides at d on 

■;to the reel E. The object of 

this temporary twisting or 

^.;rossi^g (J^v,crousa>jel) is to cause 

xhe agglutination of the in- 

‘dividual fibres of each thread, 

land to aid in making the latter i I 

smooth and round. I 

I'lie unequal diametur of each 1 

fibre at different portions of ids I i# 

length is taken into account by i W 

the reeler when introducing luwv i iL 

!iV>res into the thread to replace tf; 
tho.se which have run uiu. 'fhe* 

■quality of raw silk depends 
very much Indeed rapt >11 the 
care bestowed on the reeling 
process. 

The loss through reir.oval of 
the external fioss {bmirre) varies from 18 to 30 per 
cent., according to the cocoons and the care be- 
stowed by the worker. 


Reeled Silk, or Rme SI Ik, as it is generally termed, 
constitutes the raw material of the English silk 
manufacturer. Before being used for weaving, two 
or more of the raw silk threads are ‘‘thrown” 
together and slightly twisted by the silk spimier, 
or “ throwster,” and in this way the various qualities 
of Organzine and Tram — also embroidery sewing 
silks, etc. — are produced. 

“Tram” is the product of the union of tw^o or 
more single untwisted threads,, which are then 
doubled and slightly twisted. 

“ Organzine ” is produced by the union of two. or 
more single threads separately twisted in the same 
direction, which are doubled and then re-twisted 
in the opposite direction. 

40. Waste Silk is that obtained from cocoons in 
any way soiled or unable to yield a continuous 
thread. 

All such wmste silk materials are washed, boiled 
with soap, and dried. They are afterwrards carded 
and spun like cotton, and yield the so-called Sjnm 
silk, Sehapjje silk, etc. 

41. Wild Silk . — Of “wild silks,” the most im- 
portant is the Tussur silk (Hindustani, Tustiru, a 
shuttle), also called Tusser, Tasar, Tussore, and 


-SlLK-REELIX<i JIaCHIXE 


Tussah. It is tlie product of the larva of the moth 
Antliercoa mylitta. 

The cocoons, which are much larger than those of 




THE TECHKIC.IL EDUOAXUK 


Mwihp'^ nmrii arc* egg^sbaped an;! oi a i^ilvc^ry drab 
eoloiir. Tijc*y are attached to tiie twigs of the foo?i 
trecb by a stalk haviag a terminal rh:g. 

Tasbiir silk is tised for the laarrai'acture of the 
well-kianvii drab or biiff*coh.ar'-d iLuiaa 'i he 

eoeuons are bulled and carded, or even reeledi. 
altlanigli tiiis latter proco^* ditilcidtie-,'. 

Silk pliL'.h, iiuitalion seabskir, etc., are largely 
inade from Tu^^a^ silk, 

Utiier wild silks are, 7>d? ire<ni Jr/eecK 
r'frhu : iu!l\ A^iihvri/fi: etsvf.oj.'C ; .Ibb.''' 

fruiu wM'. from the 

Ajiikifira oi Japan, etc. 

Under the mieroftonire a raw Tranbtrry-^i]k flure 
appears a.*- a double fibre (Fr. Ac? re) consist ing l<: 


‘‘MHiplo’Aiik ; it is (tid’. laanifesrt'd if tl-e ia^t bath 
or i^ohitkn: through v.incli the "ilk has passed ccjl- 
tiiined an acid salt or I'rtoaeid, ^dli wjiit h La«. 
ijceii worked in a m utral or alkaiiia a 

soap bath — pO‘*sesscs ia» ** scroop,” and leels soft. 

iu order to dt vdop all the paalinos of 
anti brilliancy <*£ which silk is eapjtbit*. if sub- 
niiUetl (while slid in furiu of yani-bank") to 
the follywlng laecliaiiical »'tperatiori" : — 

ok N/e?/,’bg/ (lUt* fFi. ,ea'r>/eoyc h *-* I’lie oljject of 
tins is to opm] out tr hint »-in i he hank" of -Lk, 
and to give the hitter a iinibriij ;:p| eiuance oy 
renaming idi tendtijry fo riirl «ir wiinklt , It con- 
sists in liangii u the hank of yarn on n strung 
siLOutli wooden peg" fnxt'd to the wall .* ml inseniiig 
a siiiisuih wetuk-n red in the ktop, wldch is then 
'Ugi*rctnsly anil f|iiiukly I'ln^ point of sim- 

pensiun is fr«*ni«fntly clkiiigtil, and the "liaklrg out 
i" repcatMl. Th'e opt ratio!! niav ;{!"o hv donu iiy 


11. >*r‘boo. / ««•* ff'd'.vv'e;/ (Ur, if /(C/‘</J'ige I. — llil" 
operati M. widen wa*- ofigitadly osdy pcribnned in 
conjnjiet:>iii with !i.e “ si aking taiT tor the pur- 
} o'-e of straight* !tiifg the thu'ads. aral flre^sing* the 
hanks nUt'f dii\ui>e opciatioiss « ! il.eily* •Loihc. has 
now ac<|uire'l incn'jised iiiipfirtasce, part i»*u]i<rly in 
the case of sonples. Widi thcsi* i» form;- lie fnia! 
uperaJ inn, 1 he silk being ff| crated upon in the dry 
sfaie. Its object 111 this cas«* Is to ctnnpleie iho 
separatiou tif the tkwblc silk fibre into ils ruii- 
-tituent llbresg and In add hisfrc. 

The opci\iljon cuiisUts in Twlslhig flic Iiaiiks tif 
sdi< when perfectly dry. I1iey are hung oii peg’s, 
as in the last opCTat ion. which if gi*m;ntlly succeeds, 
A stated and progressive? tension is thus glvcin 
whicii adds softness and biililaiicy to the librc". 
Tlii'^ o]M?n{iion can also be pcrforiiitMl with tlH*- 
sM.cailed stringing niaeliiiie. 

The stringing' machine (Fig, J I) is composed of 
a series of horizontal pegs A, which can be made 
Iu revolve by means of the lever awl ratidiet L and 
the cog-wheels K, A second series of borizxuital 
Olliers B, situated directly beneath tin? pegs A, are 
fixed ou elbuw->iiaperl .spiialk'S. Tin y are capablo 
tif two movements, namely, that of revolving on 
their own axis— /.c., the horlziintalaxis of the elbim 

JJs loose pulleys, and also .at right ;„n.igles to 

by the revohitlon of the vertical spindle of llie 
elboNV, 

Suppo>t now the hanks of silk rne .«liing over I be 
peg.s A and n; by the action of the ratchet and 
lever the rt»ller pegsB revolve, and the hanks are 
twi.'-ted, the pegs, weights, etc., licdng at the same 
time raised by the shorttming of tiie hanks. Auto- 
matically the movement of the lever fl Is rcwerscfb 
the lianks untwist, and are kept in the stretctecl 


tWit solid stniclurelC'S.s ejiindtrs (Fr. /ouTUg inor*' 
or less united togt?ther; after •‘bulling 011 ’” with 
soap, hcAvevcu*, lids doublt? fil?re separates into a 
|)air of distinct llbres, having a more or ies.s invg- 
iilaiv Hoiniuvhal rouiuled triangular section. 

Wild silk Is dLstlngULshed from rnulberry }-iik 
by the longitudinal siriations seen in each of the 
double fihre.s when under microscopic exundnation 
(Fig. 13), and by the apparent contraction of the 
fibre at certain pohits. The forraer arc due to the 
fact that the wlltl silk fibre coni aims a large iimnber 
of air elianuels, wldle the latter ap|>caninec l> 
f-eeu because the mure ar less flatteiie<l ilbres are 
twisted at tiie contracted points. 

•1,2. F/u/simi iVe/icrffcA—The most . hnporti.int 
pliysleal properties of silk are its lustre, strength, 
and avidity for moisture. 

lint* other illstinctive property which it 2 msses^es 
in certain condition.s is that of tuuitting a peculiar 
crisp, crime hi ng sound (Fr. cri), c.//., when a bundle 
of silk yarn is tightly twisted and pressed together. 
This peculiar property is cailed the scroop" (Fr. 
€*fa^jm.nt) of the silk. 

It Is absent in raw silk and in boiled or in 
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cciKlition bv the descending weights. At a given 
moment, namely, just when the hanks are entirely 
untwisted, the lever L comes into play, and causes 


if perfectly dried silk is wetted with water, it 
contracts about 0*7 per cent., and still more if the 
water contains mineral or organic substances which 



Fig. 14.— S5 TRInoin<; Macuixe eoh Silk. 


a, slight rotation of the pegs A, so that the hanks 
become suspended in a fresh position, to be again 
twisted by the action of the lever d. The whole of 
the movements are automatic, and by a 
few repetitions of this twisting, untwist- 
ing, and displacement of the hanks, the _ 
operation is complete.. ' ' 

45. AVK? Zustreing . — ^ This operation, ^ 
effected by means of the machine repre- 
.-•ented in Fig. 15, serves to impart the 
maximum brilliancy to the fibre. It also |jS|*J 
facilitates the subsequent winding. The ®1B[ 
dyed and dried, or sometimes incompletely l|:;f 
flried, silk is submitted to a gentle stretch- 1^ 1 1 
ing between two polished steel rollers, c 

and r>, revolving in the same direction, — 

and enclosed in a cast-iron box, the lid A 
and side B of which can be rapidly re- 
moved wdren necessary. During the rota- 
tion of the cylinders steam is allowed to iV 
enter. The stretching is effected by 
dniwiiig the roller c away from D by 
means of the hook F, actuated by the ' '■■• T? 
cog-\Yhee1s at e. 

46. lenadfij and ElastloUg of Sill ;. — 

The tenacity and elasticity of silk are remarkably 
v'gresft. 


are absorbed by the fibre and cmi.se it to swell uj>. 
These effects take place during the various opera- 
tions of dyeing; hence the necessity for stringing, 


iiiiitili 


Fig. 15,- SlLK-LUSTRElNG ]\UCinXE. 


Stretching, and lustreing, above alluded to, in order 
to prevent or counteract the contraction. 


1 


■ 


i 

1 
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iucdiately an^l Lei i! till 

he tiiU" ij'udt* i.-H cu i. I Litn il aaj 

for mixiiiL <41 

‘ 3 j Ik of rleaii iiiehofi taliew. INnir :ii*> l\e lutu 
tile ffil iii a >te*a!a, .M Ti.*- '.£3iio uitj* >iirrlii|t: 

wiili a Hat wofjfloii ala tr,' iLiet- ia»‘lH“S briiarl. 

Coisfinre .iteiitly ^firrili^^ 10 ^ 1 ^ !ia' lyr aiitl <41 art- 
th«.n*tni*i'lily euniftino*! uial ia a]t]**'* raiitM* like huiiej. 
Cover the vt“>'-ei up, aikl ]nii ii in a plane fur 

a <]ay. Sfir Ir up ayaii. wtal aul iea.ve it i<jr a 
fo%%' du}>. and llie ^aiir.'nhieataa] \vi i f<e eouiplete. 
anti I'MO Ih. uf r^ieip wH' t*« the la^ulth" k 

for a tine M'ouriny It i’ wuiiui ,'%tro3i.uaT, 

a little |iNf‘aii-a<L eiiL be at! h'‘L or lise oil rednewl 
say. froiQ He to 1> yaileiis. Fe'‘ \ery trrea>^ ttoii] it 
.''Lotild be .^irtinger still 'Ihi? is the enld-water 
proce'^ 5 , m lioiliii.jr heink- iieeuen. If iMuled, the 
sut:p is ruailt- iiiisre qwkkl}, the int-thujl ret'uiie 
iianifknl bdur to take Is gallons ul oil anti fo ]b. 
of tallotr : boil tlieai witit 21 pilhai- rif eaii>tic 
|!k tasli lye uj Baunie. Then alii] 7 ,^ 
iuure lye of «loubk* the 'treirjtli, anil about ft lb. of 
|M*arl-ash, to I'reuat* siriirjiaes'* ; eont jm»* byili!i<r, 
and till* seap will alfjios! inane* nairly be niade, 
borax is a purl sub^iaiiee to U'e, U' are also 
t-ariHUkite of aHiaioiii:i and eua>l ir uiainoiiia. In 
t'\t‘ry eane let the ‘-emp be of poo*! i|ualily, for 
worse than by n'liii:’ a eheap sirnn^u^ hoap 
to lose iiiiiiiliely in the iban tin* .Miiap^ 

casts. . ■ 

b2. /^irHijCf (/ Sirtm>f eek /A-ff llh/er. -An 
indefimte* number of recipes etiubl be given fur 
soap equally siiaple will these, but the} are iiol 
mTcssary. The ebh'f point lo be ol^servefi i> that 
for linkhiag ami siring grniik c»r yaru a neutral 
soap difiultl be ime fo-tliat i>, one in wlileli the 
alkali raid oil balance each other; but far word- 
washing tiiere sliouhl bi‘ ii slight excess uf alkali, 
clepemlmg OB tlu grease and dirt in the 'wuul ; but, 
above all things, there should not be tin) miiel!, 
or the wool will be burnt. I’here sisruild «.tnly be 
enougb free alkali to remove tlie greiiM" and dirt 
from tfie surface of the wool. If iheif* !*e more 
than this, the film* uf the wool U lu, slant ly 

attacked, ajid its nature fo de^l:r^yed, Nor should 
the water be too hot. Any heat which Uie hand 
cannot hear Is ttio great, but dirty wool natural!,'^ 
requires more beat than clean, and therefore m* 
exact degree can be given, but it slunild !if»t €*xceed 
F. hr any case. It Is so easy t*» nmke .soap, 
anil tilt* risk in buying it is so great, that it is 
surprising tliat all inanafactiirers do not make li 
for iheinselves. It is a usual and desirable thing, 
wlien tJie tvool goes tiirough three or four washing 
howls, to put a stronger soap in the first than in 
the others, in order to erlmet at once the dit^ and 


If tin.; libre is simply co.ated witi’. >!ich substjuiees 
us geliitiJi, albumen, starch, etc., the tenacity will 
be, as a rule, iricrcased. Some ageuTs, like the simple 
coluuriug*' matter^, have no apq.teciable iiifiuencc, 
widde i-thers— c.y., astringeiit^, a&l metallic salts, 
wliiii us«'d hi large e.xces^, gruflually fkstruy the 
valuabie properties id silk entirely. 

if silk fo hciited tu UtFC. it h»>c> ah its ruitural 
nadsnire, but remains otherwise r|nitc inichang«*cl 
Expose I to i7U“* Cf, and higher, it .-oon begins tu 
■« Iceuinpose and carhotiise. It a silk ilhiv be inserted 
in a flame it gives a bead of carbon like wool, bat 
It does not give off quite such a fli-rcjreeabie odoiin 


WOl^LLEN AXI) WORSTED 
sriN'NiNG.~~~ir. 

By W^LTEn .S. B. M. M.P. 

/row ]<.. ■ 

VlHU WASH I NO AND (HUNG C 
hJ. Jhr iSba/n— Having r-’otained good 

Witltr, suitable .sin<p mU'«t )>e ».«cd- Stcce person" 
fur strung w«.»ols use >ada akuie; but nuthing euuld 
be worse, as it makes lla* wool yefoav, h.urd, an*! 
brittle. Another luHhod adopted for givn^y waul 
i.s t(i steep It in clean warju water, cotsstanlly 
rauiiliig, for MUm; tijim before wa'^hireg it with 
■soap, In order to remove the gn*ase, and so save 
the soap. This Is a mfotakc; it is wudl, no donbt, 
torensove* the earthy matter in that or any other 
way, but this cannot be dune without also renunlng 
tim grease or yolk, which contaiiis so luuoh potash, 
4iml which actually helps the soap to wash. Tlic 
uid-fjishloned wtrr of washing in the woollen dis- 
tricts was to make a lye or wash of stale urine and 
alkali. The former was us'efiil. because it con- 
tained carbonate of ammonia, am! the organic 
• laatters were thought servicettble in preventing the 
albiltes from injuring the wool fibres. This, how- 
•ever, has now gone out uf ttsf, and soup-sare em- 
|)loyL*i! iii.stead. As has already been said, ijotash, 
imd not soda, should be used for wool-washing. 
Yolk cmisists (d carbonate of ]K>tash to the extent 
of nearly half its weight, and is the means of keep- 
ing tlie wool soft and silky. Kat-nx* in this matter 
is a sure guith*, and experience .diows that potash 
both lubricates and bleaehe.s the wool, wink soda has 
just the opposite effect, making it hard ami yellow. 
Among the chief makers of j'uire caustic jmtash 
are the Green Bank Alkali Company, Limited, uf 
.St. Helens, wlio give the following recipe as the 
test they know for good soap: — ‘‘Take AO lb. of 
Green Bank pure caustic potash ; put it in any iron 
s>r earthenware vessel with 9 gallons (00 lb.) of 
water. Stir it once or twice ; it will dissolve im- 
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grease. In the last bowl, on the other hand, a 
soap is used in which the oil is in excess of the 
alkali, so that the wool is fed and softened before 
it is dried. When it is remembered that the little 
cells which compose the fibres of wool are swollen 
and raised by tiie heat of the water, and the wool 
itself actually softened, it Is easv to see that a 


For washing mohair some persons use only 
cold waterj thinking it better not even to wash 
the fibres thoroughly. They cannot stand as 
much washing as wool certainly, nor can alpaca, 
but the experience of the trade generally does 
not favour cold-water washing, but rather a 
moderately good washing in a sud not too warm, 



good oily soaj) will be able to penetrate the fibre, 
and, by depositing some of the oil upon it, will 
make it softer to work in the future processes. But 
it is better to take care that the natural fats liave 
never been taken out, as no, oil can .adequately re- 
place them. Some persons also finish with putting 
the wooithroughabowl of clean water, but though 
this may improve the ..colour, it p.revents any oil 
from being left in .the fibre, and this is not alway.s 
desirable.. It iS' a fact not generally appreciated 
by wool- washers that wool can be dissolved alto- 
gether 'till nothi,ng is left visible. Hot water alone 
will not do this — wool may be boiled without being 
dissolved — but put a little caustic potash, or any- 
thing of a similar .nature, into the water, even if it 
be very far from boiling, and the wool will rapidly 
<llsappear; the hotter the water the quicker it will 
melt. This shows the danger of having too strong 
a soap, and also too hot water, for even if every 
fibre merely lose the smallest fraction of its surface, 
the total loss is great. And. besides, it will be the 
serrated points which will go 'first, and thus the 
spinning properties will be spoilt. Very hot water 
alone, eveii without any soap>, spoils the wool, by 
taking out its natural curl, and thus destroying its 
spinning power, and many a bad spin is due to 
nothing more than the excessive heat of the sud in 
which the wool has been washed. No one can 
estimate the amount of loss caused by these two 
evils— too strong soap and too hot water ; and they 
should be carefully watched by the person in 
chaxaKi. 


with a neutral soap, and not too much of it. No 
lustre wool should be wmshed in really hot water, 
ftu' it must be remembered that lustre is due 
to the reflecting power of the hard horny sur- 
face of each of the tiny scales which go to 
make up the fibre. Hot water, by partially 
softening the surface, removes the polish, and 
nothing can restore it. The glaze disappears, ancil 
the w’ool becomes dull. If there is alkali in the 
water, the damage is done all the more quickly, 
and therefore the soap should be perfectly neutral. 
Water between 60® and 70® F. will generally be 
found hot enough. 

33. The Wasking-lowl . — A short description 
of the washing-bowl, and of the principles on 
which it works, is now necessary. Formerly all 
washing w’as done by hand. The bowl was filled 
with the sud, and the wool put into it, while one or 
two men with w^’ocden peles stirred it about, and 
finally lifted it on to a travelling apron which 
carried it between a pair of rollers, by which the 
water wa.s squeezed out. The same principle still 
}>reYails, but machinery does the w'ork. In Fig. 4 
is represented one of the best forms of washing- 
bowl, made by Mr. John Petrie, of Rochdale. The 
wool is placed on a “ feeding-apron,” A, and carried 
down into the water by a brass roller, B ; four 
forks, B’F, gradually carry the wool forw^ard through 
the sud, and through three stationary forks, c, 
which are fixed in the water. It then arrives at a 
lifter, L, which raises it from the water to the 
rollers, K E, which squeeze the water out, and as 
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soon as it bas passed through them it is shaken and 
opened by a wooden roller made like a fan, and 
then thrown on to the floor. The action of the 
lifter L is the chief peculiarity of this bowl ; it is 
the entire width of the bowl, and is made by 
placing side by side a number of bars of wood. 
Into these bars spikes are inserted, sloping 
upwards, and towards the rollers. These bars have 
a sliort stroke motion ; every alternate one moves 
up a few inches, while the other set of alternate 
ones move down ; at the next stroke those which 
moved down now move up, and those w'hich moved 
up now move down, and so on, turn about. By 
this motion the wool on them is gradually carried 
up to the rollers, and so out of the bowl. As each 
sot of bars moves down, the wool on them is 
caught by the set that moves up, and at 
each stroke is thus raised about 3 inches till 
it reaches the rollers. As the wool is 
floated gently on to the bottom of the lifter 
in the water, it never goes up in lumps, and 
thus passes evenly through the rollers. 

o4. and Jefferson's Bonds . — 

This improvement has been effected in con- 
sequence of a change in the idea of washing 
wool. It was thought a good thing to swill 
the wool well, to rinse it out by quick 
stirring, and finally to give it one rather 
rapid passage through the sud by means of a 
fork which lifted it entirely out of the water, high 
up, on to a,n apron, which took it to the rollers. It 
is now seen that this is a mistake. If wool is 
drawn rapidly through the water it clogs together 
and becoiiies stringy, and in doing so binds in all 
the dirt that may be attached to it. But if the 
wool floats gently on the water, its natural tendency 
is to spread out very openly, and thus make all the 
dirt and foreign matter separate from it and sink. 
Hence it is seen that the forks of the bowl must 
move very slowly indeed, so as to give the wool 
rather the appearance of floating quietly on a slow 
current, rather than that of being dragged through 
the water by rods. An exceedingly good machine 
has been made by Messrs. J. and W. McNaught, of 
Eochdale, to accomplish this. Instead of the forks 
moving one after the other through the water and 
thus swilling the wool, they have fixed all their 
forks to an iron frame which hangs by chains 
entirely above the bowl. By means of an eccentric 
wheel it drops down to the level of the water, moves 
very slowly along with the forks in the water, 
which gradually propel the wool in the gentlest 
way, and then it is lifted up again, moved back- 
wards to its starting-point, and again descends. In 
this bowl, too, the rollers are at the water’s edge, 
so that the wool does not need to be raised out of 


it. But this principle is carried out with greatest 
success by Messrs. Jefferson Brothers, whose 
squeezing rollers are illustrated in Fig. 5, 

The lowest rollers, c c, have their nip below the 
level of the suds, D. The wool, therefore, which 
floats up to it, and is also pushed forward by the 
fork A, is caught by the nip while still loose and 
floating freely in the water, and before it has any 
opportunity of becoming compact and stringy. As 
soon as it passes through the nip of c c, it comes 
again into the sud, and is quite saturated befortj 
reaching the second nip E o, which squeezes it ii 
second time and passes it Oii to the third rollers. 
E F, for a final wringing, and so on along the apron 
G into a box ready to receive it. The top rolk-r, f. 



Fig. 5. 


is often made as a beater or fan to shake the wool 
instead of squeezing it, and so make it lie lighter 
and looser on the drier. This is found to be an 
improvement. This method avoids many difficulties 
which the washer of long wool encounters witli 
other machines, such as the wool forming into 
lumps and choking the rollers, or falling back off 
the apron into the sud. It undoubtedly enables 
the wool to be squeezed more evenly, and while 
more spread out; a much better colour is also 
obtained, with a great saving of soap. The latest 
improvement however, is to do away with forks 
altogether, and simply float the wool through the 
bowl. Several machines for this purpose may be 
mentioned, notably, those of Mr. John Petrie, Jun., 
Ld. ; Messrs. Taylor, Wordsworth, and Co. ; Mr. 
John Perry’s. It is not necessary to describe these 
in detail, but the principle consists in having two 
bowls in each machine, one above the other. The 
upper one is for w^ashing tlie wool, the under one 
for holding the surplus washing liquor. x\s the 
wool is fed into the upper bowl, a pump raises the 
liquor from the lower one, and drenches the wool 
with a strong jet. The liquor then flows along the 
bowl, tlie pumping going on constantly, an<l carries 
the wool with it. The bowl has a perforated false 
bottom, through which the solid particles of dirt 
fall. To prevent the wool travelling too fast along 
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tlis bc-A^l, various mechanical contrivances are 
n.doptccl to retard its progress — the one used by Mr. 
jVtrie being the alternate lowering- and raising 
of two wooden lattices, or grids, turn about, which, 
wiien they are down, retard the progress of the 
wool. In Messrs. Taylor Wordsworth and Co’s 
bowl the process is further assisted by what are 
called passers or shower-boxes, underneath which 
the wool passes. These have perforated bottoms, 
and the sud, as it is pumped in, passes quickly up 
■and down through the holes, and thus also through 
the wool. It is the passage of the sud through the 
wool, instead of the wool through the sud, which 
is the great improvement in these bowls. The wool 
gradually passes along til! it reaches the delivery 
rollers at the other end, which squeeze all the 
water out. A great advantage is also found in 
passing the wool forward to the squeezing rollers 
while full of sud, te, as stated above, a better 
colour is thereby obtained. The liquor itself flows 
back into the lower bowl, and is again pumped 
up to do its work afresh. The great advantage 
of this system is that the wool is never stirred 
about or matted. The locks lie relatively to 
each other almost in the same position as when 
they enter the bowl, and instead of being forced 
through the water, the water is forced through 
them. As the rate at which the wool travels 
can be reduced at pleasure, while the constant 
stream of water is maintained, the quantity of 
water or liquor which comes in contact with 
the wool, and flows through it, is far greater than 
can possibly be the case in a fork machine ; and 
it reallj" resembles washing the wool in a stream 
of water. By this means the wool is delivered in 
a perfectly open condition ; and just in propor- 
tion as matting is avoided, rlie quantity of noil, 
or short wool, in the combing process, is reduced. 

35. JDr. Brmni's Machine . — There is another 
method of wool-washing — invented by Dr. Braun, a 
German, and tried in Yerviers— which has probably 
not been tried in England, but which is here given 
on. account of the remarkable results which are said 
to ha.vo attended it. Tiiough the process itself is 
<o-idontly complicated and clumsy, it is worth the 
attentionof wool-wasljers who maybe able to bring 
it into p>racticnl use. 'ITio description is quoted 
from tlie Textile MannJacfvrcT : — 

*• This apparatus is designed for a new method 
of cleansing wool, consisting in washing the raw 
nmterial first with water, then with alcohol and 
ether, and again with water. By the use of the 
apparatus the proceeds of the washing are not lost, 
but can easih” be recovered and utilised, while the 
alcob#l and ether are used continuously and with 
but little diminution, Tlie apparatus (Fig. fl) coii- 


sists of a vessel. A, by preference made cylindrical, 
containing a well-closing lid ; above this vessel are 
three other vessels, B, c, D, situated at a higher 
level ; and on the same level as A is a distilling 
vessel, E, with cooling-pipes situated above the 
receptacles Bj c, d. The different vessels are con- 
nected by pipes, in the mannershown, and the process 
is carried out in the following way, viz. : b is filled 
with water, c with alcohol (of 60 per cent.), d with 
ether, whilst A contains the wool to be cleaned, 
which latter is compressed between two frames 
containing sieves or perforated plates ; all cocks 
having been closed, those marked 7, 1, G are opened 
first ; thus the water passes from B into A from 
below, and expels the air from between the wool. 
As soon as the water passes out of the cock 6, the 



Fig. n. 


two cocks 6 and 1 are closed, and 2 and 5 opened, 
until the water passing out of 5 is quite clean ; 
cock T is then closed, to stop the flow of the water, 
and 8 opened to admit alcohol, until cock 11 shows 
alcohol ; cocks S and 5 are then closed to stop the 
flow of alcohol, and 4 and 0 opened, cock 2 being 
still open, which admits ether; the latter then, 
with the assistance of the alcohol, drives out the 
water wliich is still in the lower portion of the 
wool, and into the ves.sel, E. Ylien the first 
portions of ether liave expelled the alcohol, the 
remaining portion will commence to dissolve the 
grease in the wool, and carry it into E. As soon as 
the fat has been removed, the 'X)eks 4, 2, and 9 are 
closed, and S, 1, and 3 opened, until the cock 11 
shows alcohol ; cock 8 is then closed, and 7 opened, 
which causes the alcohol which is in the lower part 
of the wool to carry any remaining ether into the 
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vessel B. As soon as all ether and alcohol are 
removed from A, the cocks 7, 1, and; 3 are closed, 
and 6 opened. The wool, now free from grease, 
aicoliol, and ether, is Laken out of the vessel A, and 
washed with tepid water, while A can be filled with 
a fresh portion of material to be operated upon. 
The vessel E now contains water, alcohol, ether, 
and fat, which substances may be distilled in 
different ways. The fat and the greater portion of 
the water are drawn off by means of the cock 10; 
the distilled ether collects in D, the alcohol in c. 
and a part of the -water in B ; the alcohol and ether 
are almost completely recovered ; the loss of water 
is easily replaced. The arrangement may be varied 
by having several vessels B, and using each of them 
for a se^mrate liquid. The inventor claims greater 
efficiency than by the usual mode of washing, and 
maintains that the wool is preserved in a better 
condition, which latter assertion seems to have been 
borne out by some experiments made at Yerviers, in 
Belgium. A quantity of Buenos Ayres wool having 
been divided into two portions, A and B, A was 
washed by the above-described process, and B in 
the usual mariner. The results were the following, 
viz. : A was whiter than B ; A lost in burring G per 
cent., while B lost 13 per cent; in spinning A. 
41 out of 1,440 ends broke, while in spinning B, 
out of the same number ; out of a 
were spun, but out of B only 20,000 ; 
1 out of A is softer, more elastic, more 
regular, stronger, and more even in colour after 
dyeing, and winds very much easier. If the method 
we have described has all the advantages which arc 
claimed for it, it proves again that scientific treat- 
ment is superior to the old way of working by rule* 
of thumb.” 


CARPENTRY AND JOINERY.-IY 

By B. a. Baxter. 

[Conti Mied fnm p. 175.] 

SIMPLE CONSTRUCTIONS. 

Ilerrhiffbonc Strut — Before the floors are laid it 
may be well to describe the herringbone strut. 
This a double row of pieces of stuff nailed diagon- 
between the joists from the lo-wer to the upper 
as drawn in Fig. 31, The thickness of these 
pieces is immaterial, about IJ- inch square or 2 inch 
by li inch will do veiw well. The ends of the 
struts arc, of course, cut to an angle to fit the 
joists, and as any slight difference of distance 
between the joisi ; will alter the leng-th and angle, 
I shall show an easy way to mark the angles. 
Draw across the joists two lines parallel to each 
other and at a distance equal to the width of the 


mariveu juists, 


marked on strut from below, and the same for each 
pair of struts (Fig. 33)., ■ They will of course, be 


nailed to the joists and wdll stiffen them, arid reduce 
the liability to vibration. Such a row of struts 
ought to be inserted about every six feet. It ought 
to be remembered that sliort joists are stronger 
than long ones of the same section, so that unless 
the joists are supported by tlm partitions, joists from 


front to back of an ordinary house would require not 
only longer lengths but larger scantling. 

FloDrituj . — In laying fiooring the young carpenter 
should endeavour to obtain dry flooring, and it is 
useless to expect much drying when laid (as is often 
done) upside down on the jurists in a newly erected 
building. 

The form of cramping th.o boards together, known 
as folding,” must be mentioned and condemned. 


It consists of laying and nailing a first and sixth 
bocird about a quarter of an inch m^ai’cr each other 
than the combined width of the inner four boards, 
the next to eacli being placed, while the two inner 
boards are made to meet eacli other as in Fig. 33, 
and are then squeezed down by jumping on a board 
placed above them. This is certainly an effective 



be resorted to on upper floors, a pair of proper 
flooring cramps being superior and safer. 

Door Fmmes and window frames nest deserve 
our attention. Door frames, when occurring in 
partitions, are formed by the proper disposition oi; 
the ordinary timbers composing the 
allowing space for a lining to form the visible frame ; 
this lining ought to be in, or nearly in, contact with 
the frame propei', or the weight and the slamming 
of the door will soon tell tales (Figs. 34, 35, 36)- 
In outer walls or brick partitions the frames are 
'll sexmrate construction (Figs. 37 and 38). The 
frames are usually made of a lintel, longer than the 
width of the frame, into which the uxDrights are 
tenoned. Sometimes the lintel is cut in the form of 
a bridle, winch may assist in the fixing by allowing 
a key in building in. l^fany door frames have a 
stone sill, in that case the stone is mortised for the 
tenons at bottom of the styles, and in all cases 
where there is a probability of damp the mortises 
might be cut through with advantage. In the case 
of outer door frames The joiner will be called upon 
to prepare the frames, as a more finislied appearance 
is demanded. 

Wm(I' 07 V Frames form also a link between car- 
pentry an<l joinery. They are of two sorts ; those 


for casements are almost identical in construction 
with door frames, except that x>recaution is taken 
to exclude draught and rain (Fig. 39 and 39 a), but 
for sashes the frames are of a special construc- 
tion, which may be described-first, the sill ( 
cill) ; this is generally of oak, and may be bought 
in suitable sizes for either l|-inch or 2-inch sashes. 
The section of a sash frame sill is like Fig. 
in which the bead is fixed on the fiat surface and 
the lower sash on the slope next, the lower sinking 
being rebated so that water will not drive bet 
the sash and the sill The pulley styles are next 
importance : they are prepared to a width which is 
governed by the thickness of the sashes and the 
parting-bead. The groove for the x>arting-beacl 
must be made the thickness of one sash from the 
edge; of course the groove must be just 
enough to hold the partnig‘-bead. 
parting-beads are used, see that a plough- 
liand to suit : beyond the plough groove \’v 
space for lower sash, but in order to cover 
the bead is usually w-ide enough to exceed the 
thickness of the lining by about ^ of an inch, so 
that the width of the pulley styles will be 
2-inch sashes (2-ineh norainal)“Sash ] groove 
sash 2 inches, of which the bead covers ■} (Figs 
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■iO, 41, and 42). The lenoth of the frames being 
iixed. the styles may be set out ; they are generally 


housed into the top and nailed, the siir being 
generally vredged as shown (Fig. 42 and 43). 

Note that the sill is equal to the total thickness of 


exceed the width of sill. The thickness of these 
linings therefore may be varied, but should not be 
less than f inch. 

Cutting JJeak.—llQio. it must be explained that 
in cutting deals for the purposes of the car|)enter 
and joiner, the sawing wastes some wood, and 
therefore leaves the boards from to -I of an inch 
thinner than the nominal thickness. Hence when 
the deal (9-inch by 3-inch) is cut once into two 
boards, it is almost always cut on a circular saw 
bench, and the thickness of the saw, rather more 
than I - ' of an inch, taken from the 3-iiich deal, 
leaves each board rather more than If inch, al- 
though such a board is called l:|-iiich stuff. Simi- 
larly, so-called 1-inch boards are rarely more than 
I, being of the 3-incli deal reduced by the two 
necessary saw cuts. ' 

jSometimes two cuts are made with a circular 
saw, hilt usually two cuts and upwards are made by 
a deal frame, which is a machine using reciprocat- 
ing saws, which being strained tightly are capable 
of being made thimier, and vibrate less, than a 
circular saw. The carpenter and joiner is very 
dependent upon the quality of the sawing, and 
badly sawn stuff is not now common, owing to im- 
proved machinery and skilful saw-sliurpening. 

When deals and planks are cut into boards, the 
cuts are called deep cuts”; when cut into square.^ 
or strips by cutting parallel to edge instead of the 
larger surfaces, the cuts are called “flat cuts.” 
Flat cuts are made on the circular saw bench, and 
in the absence of special instructions the machine 
sawyer divides the deal or plank into equal parts, 
thus 0-iiicli by 3-incli with two Jfat cuts ineaiis 
three iffeces 3 x 3, the same wdth two cuts 


! Case^nent /frames 


the frame, so that if the sashes are of known 
thickness the iJiilley styles must agree as just 
stated, and the linings must be of athicknc.s$ wliich 
when added to the width of pulley styles will not 


means three boards 9-incli x 1-inch. While if 
Ij-incli boards are wanted, they ma.st be ordered 
two deep cut.s 3] inch. Battens vary so muqh, 
an:l a.ro so frequently used uncut for basement 
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joists, sleeper»s, etc., that’ if cut, orders nearly 
always need to be special according to size of wood 
required. 

PAETITIOirS. 

Partitions are for dividing a building into 
separate rooms or compartments where walls are 
not required. As frequently the upi^er floors of a 
building are more subdivided than the ground floor, 
partitions are often required where there would be 
no sufficient support for the weight of brickwork. 



that two of them are placed at the proper distance 
for the lining which constitutes the visible door- 
frame. ■' The oblique struts must also be so arranged, 
as to avoid door openings. 

The Tower portion of the partition is finished 

with a skirting. _ In OtUside Stirface 

order to fix skirtings 

from the face of the 

timbers, skirting Alternative treatment 
grounds are fixed be- jQf- Grotmds 

fore the plastering is Fig. 45. 

applied. This will be 

seen in Figs. 44, and 45. , In 44 a sectio.ii of parti- , 
tion shows the grounds, retaining the plaster in its 
proper position and available loi fixing skirting. 
Pieces of wood of equal thickness to the gi'ounds 
maybe fixed to each upright. Fig. 45 shows an 
alternative treatment of the edges of the ground, 
which mav be either grooved or cut at an angle. 


Sedion of Partition showing Grounds and 
Skirtmg. 




In such cases, as it is possible, the partitions should 
also help to support the floor or ceiling above. 
When the joists cross the partitions at right angles, 
this will he easy. The surfaces of partitions are 
generally covered with laths and plastered, though 
sometimes match-lining is used. Matched boarding 
has the advantage where quick and cleanly altera- 
tions to business premises are required, but is apt 
to conduct sound too freely to he used in dividing 
rooms from each other. 

The construction consists of top and bottom 
rails mortised for the reception of the uprights, 
which, vrith the exception of the door openings, 
should be not more than 12 inches apart. The 
tenons on the uprights need not go tiirough, 
tliough very little time can be saved by mortising 
half-way through the top and bottom rails ; spacing 
pieces ought to be inserted here and there wherever 
any possibility exists of the uprights bending. The 
oblique rails shown in Figs. 17 to 20 are of course 
for the purpose of keeping the whole square, and 
therefore ought to be in one piece ; the uprights 
may be halved to them, or cut to the proper angle 
and nailed. The timber used may be 4J inches 
wide by 2 or 3 inches thick. Openings for door- 
ways will be made by spacing out the uprights so 


Sedion of Civved 
Cojmer in Partition, 


Sometimes partitions present an external angle, 
in which case the carpenter will probably be called 
upon to fix grounds forming the angle, for wood 
hears blows better than plaster, the \vood being 
grooved or cut back, as just explained, to form a 
key for the plaster. Often the angle is avoided and 
the partition curved on plan, fixing the uprights in 
suitable places, and bending the laths round the 
curve. The skirting, however, must be cut out of 
the solid or joined in pieces, or else the concave 
side is sawn almost through at intervals and bent 
and nailed to the uprights (BTg. 45). 

Sometimes in a ground floor partition the spaces 
between the timbers are filled witli bricks. This 
must not be done unless the weight has been 
provided for ; if the partition stands over a brick 
wall it will be well supported. 

Casement, sash, and door frames must have the 
same provision for keying the plaster as here 
described for partitions, either by grounds fixed or 
suitable treatment of their edges. 



PEAGTICAL MECHANICS, 


of the nut n. The main screw M is prevented from 
turning when the handle is rotated, hence the nut 
N rotates about the screw m. But the nut n is also 
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JMECHAMCAL ADVANTAGE AND EPPIGIENCy— 

' ■ PEAGTICAL TESTS—AREANGEMENT OP RESULTS 
—LAW.S AND 'DEDUCTIONS. 

In Fig. 25 a screw-jack is shown arranged for an 
•experiment, and here two equal, opposite, and 
parallel forces (which form what is known as a 
act on the screw ; this arrangement en- 


suring a iummg motion only. If when one force is 
applied to turn the screw, it tends to push the 
screw over against its bearings, and extra friction is 
thereby introduced. The load on this experimental 
jack is raised in the scale-pan, as shown in the figure. 

Often, in order to attain a still higher velocity- 
ratio, and hence raise a greater load by the appli- 
cation of a given force, a wmi’m and worm-wheel 
are introduced between the handle and the screw, 
as shown in Fig. 26. 

The velocity-ratio, as found by the method 
already considered, would in this case have to be 
multiplied by the velocity ratio of the worm and 
worm-wheel, which is T to 1 if there are T teeth in 
the wheel. The arrangement will be understood 
from a study of the views shown in Fig. 26. 

The handle H h is attached to a screw or worm 
which works into teeth formed on the outside 


prevented by projections on the casing c from 
moving bodily in the direction of the axis of M, 
hence, since there must be a relatite motion equal 
to the pitch for every turn of the nut relative to 
the screw, it is evident that since the nut cannot 
advance or recede, the screw must do so, and 
hence a load resting on the screw m is raised or 
lowered. With the ordinary jack, as shown in 
Fig, 24, when the handle is rotated once, the screw 
advances a distance equal to the pitch, but here 
if there are, say, twenty teeth on the nut n, which 
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we may call the worm-wheel, the handle H must go 
twenty times round before the nut is moved once 
relative to the screw, and hence the ordinary 
velocity ratio has to be multiplied in this* case by 
20. It is evident that the arrangement gives a 
means of raising at a mry slom mte a large load 
by the application of a comparatively small force. 
The efficiency of the arrangement, however, is pro- 
bably not great, owing to 
the considerable amount of 
friction introduced. The 
method of moving the jack 
laterally so as to get it 
under a waggon, or other 
load, is shown by the screw 
jj and the ratchet and 
handle T. 

When the nut is solid, we 
know how to find the rela- 
tive motion of nut and 
screw, but if the nut be 
fluid, as in the case of the 
screw-propeller of steam- 
ships, there is “slip,” and 
the relative motion is hn 
than that which the rule 
gives by a fraction whicli 
represents the “ slip.” 


PULLEY BLOCKS.- 

o- The arrangement of pul- 

ley blocks shown in Fig. 
27 is probably familiar to the reader. Here there 
are six parallel cords, and if the lower block is 
raised Lnu foot, each of the six cords is slackened 
one foot, hence feet of cord pass over towards 
p, hence the velocity-ratio is 6 to 1. It will be 
found in general that the velocity-ratio or liyiio- 
tlietical meelimiical advantage of such an arrange- 
ment is twice the nuinher of movable ymlleys; the 
movable pulleys or sheaves being those which rise 
or fall as the load moves. 

Thus in this figure the sheaves of the lower block 
may be regarded as movable whilst those of the 
upper block are fixed. If we pass a cord over a 
fixed pulley and raise a weight by it we gain m 
ad\-antage as regards force, and the velocity-ratio 
is simply 1 to 1. But if, on the other hand, we use 
a movable pulley, as in Fig. 28, it is apparent, on a 
little consideration, that the hand D must move 
twice as far as the load w. This arises from the 
fact that at any instant a point on the pulley 
where the cord leaves it at the side nearest E, is 
motionless just for an instant, all points of the 
pulley moving about the motionless point as centre 
at that instant. This point is called the mtan- 


tamotts centre of motion (see lessons on “ Machine 
Construction”), and a point on the other side of 
the pulley being twice as far from it as the centre 
of the |)ulley must move twice as fast; hence, 
though the instantaneous centre changes to another 
point on the circumference of the pulley the next 
instant, still, on the whole, the point D moves twice 
as fast as the centre of the pulley or the weight \v. 

DIPPEEEKTIAL PULLEY-BLOCK. 

In the differential pulley-block the sheaves of 
the top block cannot move relatively to one another 


Fig. 28. 


as in the case of the ordinary pulley-block, 'i'lie 
two grooves of that pulley are of slightly different 
diameters, but form parts of one solid piece of 
metal. Thus in Fig. 20 the grooves B and c are 
different in diameter, but B must rotate once if c 
goes once round. Let the chain, which is endless, 
be pulled down at A sufficiently to give one turn to 
B and c. A.S B is a little greater and the chain is 
wound on it by the motion, as much chain is wound 
on as goes once round b, whilst at the same time 
as much is let off as would go once round c. On 
the wdiole, therefore, one might be inclined to say 
that the chain is drawn up a distance equal to 7he 





circumference of B the circumference of c, 

the hand at A acting through a distance equal to 
the circumference of B. But from the principle 
just explained in relation to the momMe pulley the, 
weight is only raised Jialf the mnount hj which the 
chain on the whole is drawn np. Hence the rule is ; 
if p is the pull exercised by the hand at A, and w 
is the load raised steadily — 

p X circumference of B = w x difference of 
circumferences of B and G, 
or the hypothetical mechanical advantage 

circumference or diameter of B 

p ii diilerence of circamfereiices or diameters of b and o'. 

THE CHINESE WINDLASS 

shown ill Mg. 30 is similar in principle to the 
tlitl'erential pulley-blocks, and its hypothetical law 
is that 

The force p x the circumference (or diameter) of 


the circle described by the handle = the load w x 
half the difference of the circumferences (or 
diameters) of the two jiarts of the axle. 

The mechanical advantage, neglecting friction, is 
t he ratio of the multiidier of P to the muitiplier of w. 

MECHANICAL ADVANTAGE OF LEVEBS. 

This matter has already been mentioned in a 
different form. 

The student will readily .see from what has been 
given ill this connection that if only two forces, p 
and w, act on a lever, the mechanical advantage of 
the lever is the ratio of p’s arm to w's arm, i.e., the 
perpendicular distance of the force P from the 
fulcrum divided by the perpendicular distance of 
the weight w from the .same place. If the forces 
are^ as usual, parallel, these distances may be 
measured along the lever itself, whether the lever is 


at right angles to the forces or not as the Q^ailo of the 
distances will be the same. Usually, however, more 


than two forces act on a lever, and its mechanical 
advantage cannot be stated in a simple form. 

Hydraulic machines, which are of so much 
interest and utility nowadays, will be dealt with 
in the next lesson. 

BEAL MECHANICAL ADVANTAGE. 

The actual mechanical advantage of a machine 
is not constant, and can be obtained, under given 
conditions, only by experiment. In closing the 
present lesson a brief explanation of such an 
experiment will now be given. Tiie experiment in 
question was conducted on a small hand crane such 
as is used for raising weights by manual labour. A 
view of the machine is shown in Fig. 31. For the 
purposes of the experiment the handle has been 
replaced by a pulley or wheel with a groove in the 
rim, round which a cord is wound, a weight, P, at 
the end of this cord raising a larger load, w, with 
a steady motion. The weight p rej^resents the 
force which would have to be applied to the handle 
to raise the same load. Various loads are em- 
ployed, and, by trial, the proper value of P — 
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It will be seen from' this table that themeclianica' 
SLdvmtiige is mt 18 * 7 ,. bat varies, from aboat 11 ^ tc 
15, probably increasing, slightly,,. for '.higher loaclt 
but never reaching the theoretic value 18*7. .An, ex- 


necessary to overcome the friction of the machine 
and raise the load w with a uniform velocity— is 
determined in each case. 

It is necessary to know the velocity-ratio of the 


Values of Load W.. 


perimentlike this is very instructive, more especiallT 
if the experimenter be careful to properly arrange 
and lay down his results. He should carefully 
plot on squared paper any of the sets of Tariable> 
—say load w and mechanical advantage— in order 
to see how the variation of load affects the other 
quantity. To be able to use squared paper readily,, 
and to understand the results obtained on it, are* 
the first essentials of a modern scientiffe education. 
A sheet of squared paper can be bought for a half- 
penny or less, but it is of enormous service in 
arranging the results of practical tests of almost 
all kinds. The two things referred to above, viz,, 
load and mechanical advantage, have been laid 
down on such a sheet and are shown in Fig. 32 
units of distance horizontally representing units of 

load, and in a similar way values of the ratio — 

are represented by vertical distances, the .scales 
being arranged to suit the figures involved. It is 
not at all necessary that the scale be adopted! 
in both directions. It is evident that any one value 
of the mechanical advantage of tlie machine,, say 
14, is connected with a definite value — 42 in this 
case— of the load w. Hence these two distances, 
or co-ordinates,” as they are called (14 and 42), 
intersecting in a point, give one point on the curve 
and others are obtained in a similar way, the curye 
being drawn in the best mean position among 


machine, which is found either by measuring 
directly the distance wfiiioh p falls whilst w rises a 
certain known distance, or by a calculation of the 
sizes of the various wheels, etc., involved in the 
operation. In this experiment it was found tha.t P 
fell 56T inches whilst w was raised 3 inches, hence 
56T 

the velocity -ratio came to — — or 18*7, In other 

O 

words, if there were no friction the application of a 
force equal to the weight of 1 lb. at P would raise 
18-7 lb. at w. 

The actual results obtained are given in the 
following table 

EPFIOIENCY OF CBAITB. 

Table of Results (velocity-ratio, r, =: 18*7). 


W = Load 
raised, in lb. 

P= Force applied 
to Handle, in lb. 

p =Real Meehan 
leal Advantage. 

Etficienev 

W 

r X P* 

-14 . 

1-22 

11-48 

•01 

28 

2-125 

13-18 

•70 

42 

3-00 

14-00 

•75 

5t> 

3'91 

14-32 

*705 

70 

4*80 

14-58 

*77 

84 

5-71 

14*71 

•78 


0-58 

14-88 

•79 

112 

7*52 

14-90 

•797 

120 

8*40 

15-00 

•80 

140 

0*30 

15-05 

•805 

154 

10*21 

15-08 

•807 

108 

1 11-08 

1 

15-10 

*81 
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these points. 'Ihe curve itself is a or It must be remembered that this was a small 

of the law connecting the two things plotted; if machine and in good order, but the same method 
the law is a simple one, the curve is of a simple would be followed with a larger machine. Ihe 
kind— say a straight line as in Eig. 33— whereas if reader should plot columns 1 and 4 to see how the 


the law is more complex the curve is of a higher 
class. 

In Fig. 33 values of p and the corresponding 
values of w have been laid down, and it will be 
seen that the curve is of the simplest kind. The 
law of any of these curves, if required, can be 
obtained by a well-known mathematical process, 
but in the case of the curve shown in Fig. 33 the 
method is so simple as to warrant a reference. 

The general .law of such a curve is 4- h, 

y being the variable represented vertically, and a? 
that represented horizontally on the paper, a and I 
being numbers depending on the slope of the line 
and on its position on the paper. In the particular 
case before us the general law evidently is 
p == izw 4- Z>, since p is shown vertically and w 
horizontally. 

To find and J>, Choose any point on the eurve^ 
say, the point marked M : — 

Here p = 3-2 
andw = 45. 

Again choose another point, say n : here p=8, 
w=:120. Putting these values into our general 
law, p =2 <zw 4- we get the two equations 

3-2 — ax 45 4- h 
% — ax 120 4 - ^ 

and by subtraction 4*8 = 75« or a =: *064. 

Putting this value of a into one of the equations, 
we get & = *32, and hence our law is 

P = *064 w 4- '32. 

This shows us the force required to raise any 
given load, and we see from it that the force 
necessary to overcome the friction of the machine 
unloaded, i.e., when w = 0, is *32 lb. 


efficiency of the machine varies as the load is 
increased. 

By attaching the hand-wheel to another axle and 
putting an extra wheel into gear the velocity-ratio 
of the crane can be increased to about 56, and by a 
similar process to that just described the law of the 
machine, its mechanical advantage, and also its 
efficiency for various loads may be obtained. 

The foregoing will, however, be sufficient to 
enable the reader to understand or carry out such 
tests. 


ELECTRICAL ENGINEERING.— IV. 

By Edward A. O’Keeffe, B.E., 

Sm.ior Demonstrator in Electrical Engineering^ City and Cuikls 
of London Technical College, Finshury. 

[Continned from p. 10*2.] 

KING AND DRUM ARMATURES - SHUNT, SERIES 
AND COMPOUND WOUND DYNAMOS. 

The condition of affairs is represented graiDhically 
in Fig, 15, where the ordinates or vertical distances 
represent the E.M.F. being generated at any 
of the coil’s revolution, and the abscissm or horizontal 
distances represent at the same instant the angle 
through which the coil has turned from the zero 
position. It may be noticed that the line here 
shown forms a perfect sine curve, and such it 
would be, provided the coil was turning in a 
uniform magnetic field. As this condition seldom 
exists in practice owing to the distortion due to 
various causes, the curve is more or less di.storted 
in consequence. The current which would be 
sent into the external circuit from this machine 


Values of Load W. 
Pig. 33. 
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tiifit in the Pixii dynamo— was used as a com- 
jmi tn, fcor, the currents would ail flow through the 
external circuit in the same direction, but they 
wc-mld still rise to a maximum and fall to zero 


E.M.R 
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Fi,^. 10 .— Rectified E.jM.F. 

twice during- each revolution. This state of things 
is represented graphically in Fig. IG, on the same 
scale a,s in Fig. 15. The line now 
consists of two sine curves, but in 
this case all the values for the 
E.M.F. are positive, that is to say, 
they are above the zero line. The 
E.M.BAs are certainly reversed in 
the coil itself, but the brushes 
which lead the current into the 
external circuit are reversed at the 
same instant. The above diagram 
represents the effective E.M.F. 
wliieh sends the current through 
the external circuit at any instant 
t)f the armature s revolution. 

THE DUXAM ARMATURE. 

By using a single coil of wire — 
no matter how many turns there 
may be on it— and a split-tube 
commutator, the current obtained 
is not contiguous, as it rise.s to a 
maximum and falls to zero twice 
dui-ing each revolution. If the core 


consisted of an elongated drum-shaped piece of iron, 
and the coil was wound on it, the effect would be 
practically the same ; but if a second coil was wound 
on it at right angles to the first, the current thud 
would now be generated would be continuous, though 
not of uniform strength. If a third coil wtis wound 
on, the current would still be continuous, and more 
nearly uniform; in fact, the greater the number of 
independent segments or coils of wire that are 
wound on the armature, the more nearly will tin* 
current be of uniform strength during the different 
periods of the armature’s revolution. Special 
arrangements must, of course, be made for direct- 
ing all these currents to flow in tlie same direction 
thi'ough the external circuit. The comrantatoj-. - 
instead of consisting of a split tube, \vhich siiflice.] 
for the : single coil, will be made up of as inaiiv 
insulated segments as there are coils on the arma- 
ture. A diagram of a drum armature is shown in 
Fig. IT. The armature here shown contains eigiit 
separate segments, four of which arc omitted, with 
a commutator consisting of eiglit insulated piece.-' 
to which these coils are attached. The north pole 
of the field-magnet, n, is supposed to be situated tn 
the right, and the south pole, s, to tiie loft of tlio 
armature, whose direction of rotation is sho^vn Ijy 
the large arrow-head. The thick pieces, markecl 
and In are the insulated metal lie seg- 
ments of the commutator, and the coils are attached' 
to these in the manner shown. The briishe.s that 
convey the current to the external circuit are sup- 
posed to rest on the segments e and //, whilst the 
external circuit is indicated by the dotted line. 



Pig; U.—Diaoram of Drum Armatvrii 
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Starting at segment <7, it will be seen that a coil 
is joined between it and the adjacent segment 
and that the course of that coil is from ^ to 4, then 
to 0~ where all the coils cross-then to 4Vand 
then to the segment/. The upper half of this coll 
is approaching the north pole of the field-magnet, 
whilst the lower half is approaching the south pole, 
and in consequence currents will be induced in 
opposite directions— relative to space— in these 
parts, but in the same direction relative to the 
course of the wire. From / the current goes to 
1 , 0, V, and so back to the next segment of the 
commutator e. The direction of the current 
generated in this section of wire is shown by the 
arrow-heads, and it will be seen that both currents 
flow through the wires in the same direction. T'ol- 
lowirig the course of the current induced in the 
section between r? and and between d and >, it 
will be seen that nil four currents flow through the 
coils in the same direction, so that if the brushes 
were situated at the extremities of the vertical 
diameter of the commutator, they would be sup- 
plied by the current generated in all these four 
sections. These coils generate E.M.F.’s w'hose 
strengths depend upon their positions in the 
field. Each coil generates an E.M.F. w'hose 
strength varies from zero up to a maxim urn— 
as shown in Fig, 16 — according to its position 
in the fleld ; but as the current sent into the 
external circuit is driven by the sum of the 
E.M.F.’s of the individual coils, there is very 
little variation in its strength. It is clear that the 
greater the number of sections of wire on the 
armature the more itniform will be the strength 
of the current sent through a given external re- 
sistance, but on the other hand there is of necessity 
a practical limit to the number of segments on the 
commutator which corresponds to the number of 
sections on the armature 

THE RING AR’AIATrHE. 

The Gramme ring is the standard type of ring 
armature, and is illustrated diagrammatically ,in 
Fig. 18. The core of this ring, axes, con- 
sists of wrought iron, upon which are wound 
eight coils of copxjer wire, represented in the 
diagram by single turns marked 1, 2, 3, 4, 5, G, 
7, and S, the junction of each pair of these 
coils being joined to a segment of the com- 
mutator. The direction of rotation is shown 
by the large arrow, and the poles of the field- 
magnets are directly above and below the ring; 
the south pole is placed above, and the north pole 
below. 

is found that whether the ring be at rest or in 
motion, its core will always be magnetised by the 


action of the field-magnets in the same manner ; thus, 
that part which is nearest to the north pole of the 
field-magnets will be converted into a south pole, 
and is marked S; while that part which is nearest 
to the south pole will be a north pole, and is marked 
N. This statement is not strictly true when the 
ring is in motion and a current flowing, as the 
polarity of the core will be slightly displaced in 
the direction of rotation, for reasons that will bo 
subsequently dealt with. The lines of force that 
pass from the north to the south pole of the field - 
magnet nearly all pass through the wrought-iron 



Fig. IS-— Theobv of the Graume Rtvc. 

core of the armature, few, if auy of them, passing 
through the interior portion of the ring ; and during 
the rotation of the armature vre may look upon 
the directions and the number of these lines as 
constant. 

Let us consider what happens in coil 3 as it 
moves into different parts of the field. When it 
was in the position marked x, it lay parallel to the 
lines of force, but enclosed none of them. In 
moving up to its present position it gradually 
enclosed, and consequently cut, lines of force, and 
therefore had a current generated in it. The 
direction of this current must give the coil in which 
it circulates that polarity which will be attracted 
by tlie pole which it is leaving, thus exerting a 
force which tends to stop the motion of the arma- 
ture. Coil 3 is leaving the south pole of the field- 
magnet, and consequently its face, which is turned 
towards that pole, must exhibit north polarity— 
that is to say, the current must circulate in it in a 
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coiiBter-clockwise direction when viewed from thafe 
side. This direction is shown on the coil by the 
position of the small arrow-head. This state of 
things may be more clearly seen in Fig. 19, which 
shows a single turn of wire receding from a south 





Fig. 19.— Theory op the Gramme Ring. 

pole, S, on the face of which is drawn the Amperian 
current. The coil must exhibit north polarity 
towards the south pole of the magnet, as is shown 
by the direction of the current. As the coil moves 
up to position 4 (Fig. 18) the direction of the 
induced current is still the same; but since the 
coil is cutting fewer lines of force at this point — 
though there are more of them passing through it — 
the strength of the current is less. When the coil 
has reached the position marked B, it has enclosed 
the maximum number of lines of force, and there- 
fore the number is just about to diminish. The 
instant the coil passes this point, the number of 
lines passing through it begins to diminish, and 
an E.M.F, is therefore generated in it, but in the 
opposite direction to the previous one. This E.M.F. 
is feeble at the commencement, hut increases in 
strength as the coil moves up from B to s. Since 
the direction of the current is reversed in it, it will 
exhibit a north polarity on its lower face, which 
will be repelled— as was to be expected— by the 
north pole of the field-magnet, which is situated 
below the armature. This force of repulsion is 
exerted till the coil has reached its lowermost 
position, after which it begins to recede from the 
field-magnet, and consequently to turn its other face 
towards it ; this face clearly has south polarity, which 
will exert a force of attraction on the field-magnet. 
The directions of all these induced currents are 
indicated on the coils by the arrow-heads, and it 
will be seen that starting from the point B, all these 
currents flow towards the point A. The brushes 
that rest on the commutator, and convey the 
currents to the external circuit, should he placed 
at the points A and b. The current will then come 
out at A, flow through the external circuit and. 


return to the armatiTe through the brush situated 

at B. ■ , , , , 

The segments of tlie commutator which are in 
contact with the brushes have each two coils joined 
to them in which currents are flowing in opposite 
directions; these currents unite at the segment 
and flow into the external circuit, as is illustrated 
diagrammatically in Fig. 20, Here the currents 
enter the coils 1 and S at the points c and D, unite 
at the segment A, and flow to the external circuit 
through the brush B. It will be noticed that the 
coil is doing the minimnno amount of cutting of 
lines of force at the moment when commutation 
takes place. 

So far we have assumed the existence of a 
magnetic field of sufficient strengtli for the satis- 
factory working of the machine, but the providing 
of such a field is a matter of paramount importance, 
and it is in this direction that the greatest advance 
has been made in modern dynamos. The field may 
be produced by permanent steel magnets — as was 
invariably done in the older macliines, and as is 
still done in a few isolated cases— and when sued) 
is the case the dynamo is called a nwgneio ; but the 



Fig. 20.— Gramme Ring; Oureent from*Two Adjacent 
Coils. 

more usual method is to produce it by means of 
powrerful electro -magnets. The electro-magnets 
entail the expenditure of a certain amount of 
energy in the form of current, and in order to pro- 
vide this, it was suggested by Dr. Werner Siemens, 
in 1867, to send the current which was generated 
in the armature, or a portion of that current, 
through the coils of the field- magnets, and thus to 
dispense with tlie necessity for a second current- 
generator, such as a primary battery, as an auxiliary 
to the dynamo. This method is almost universally 
adopted at the present day for continuous-current 
dynamos ; for alternate-current dynamos a separate 
exciting source is usually employed, though it must 
not be assumed as impossible that an alternator 
should be self-exciting. The usual methods of 
utilising the current generated in the armature 
for exciting the field-magnets are shown in the 
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following diagrams, in which the armature is de- 
noted by a circle on which the brushes rest, and 
the field-magnets by the rectangle on which the 
wire is wound. 

Fig. 21 shows what is known as series mndirig. 
All the current generated in the armature flows 
through the coil of wire which is wound on the 
field-magnets, then through the external circuit, 
and then back to the other pole of the dynamo. In 



these dynamos the wire on the field-magnets is 
usually of large diameter, of comparatively low 
resistance, and there are not very many turns of it. 
Dynamos used for lighting arc-lamps, or wherever 
a constant current is required, are generally wound 
in this manner. 

Fig. 22 illustrates what is known as shunt 
winding. It will here be noticed that the current 
generated in the armature does not all fiow either 
through the field-magnets, or through the external 
circuit. It is divided at the point h ; part flows 
through the field-magnets, part through the external 
circuit, and they unite at the point from which 
they return to the armature. Both types of 
machines are extensively used. 

The shunt machine cannot provide either a con- 
stant current or a constant E.M.F. under variable 
conditions in the external circuit. It is largely 
used for electro-plating and charging accumulators, 
and in connection with the latter, which act as 
regulators on it, is largely used for incandescent 
lighting, or for any situations where constant 
E.M.F. is required. 

Jig- 23 illustrates what is knowm as comjmtnd 
winding, which, as may be seen, is a combination 


of both shunt and series winding. The thin coil is. 
the shunt winding, and consists of many turns of 
thin copper having a high resistance. The thick 
coil consists of a very few turns of very thick wire 




having a very low resistance. This comhinatiora 
of shunt and series winding is used extensively for 
incandescent lighting, with or without accumulators. 
It enables the dynamo — ^within an extremely large 
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can be easily understood from Fig. 23. In Fig, 23 
the shunt coil is directly attached to the brushes 
h and in long-shunt one end of the shunt is 


me Wires on the annature a?, 
u'ations will allow; also, that 
^ construction is adopted where 
the two south poles meet. 
About two-thirds of the arnui- 
ture is thus embraced by the 
pole-pieces of the electro-^nag- 
nets, lea'vlng about one-sixth of 
the armature open at each 
These open spaces are often 
covered in 1. 
plate, or a 
netic nietal. 
double 
ins: tt 


y means of '..a 'brass 
Eiiiy otlier non-mag. 
which serves'.' tht 
purpose of strengt'hem 
e ^ framework ^ of tlu: 

the armature while in motion, 

'tlie space ^ between the iron 

usually 

n-cjn of the annature and the 

partly occnpded by the 
copper wire in which the* cur- 
rent is generated, partly by 
the insulating material sur- 
rounding the wire, and partly 
by the clearance space prescribed by mechanica*! 
considerations. In all well designed dynamos the 
length of the air-gap is reduced to the smallest 
possible amount, the necessity for which will be 
apparent wdien the calculations are gone into in a, 
later chapter. 

In Fig. 26, wiiichisa section through the iron of 
the armature and pole-pieces, the extremities 


Pig. 24 .~Gramme Dynamo. 


attached to the brush and the other end to the 
junction of the series winding with the external 
circuit ; this point is marked a. These are the 
standard methods of winding continuous current 
machines. 


la^o- DEUM DYNAMO OF GEAMME 
luining now to the application of the principles 
which have just been laid down, we see in Fig. 24 
the general arrangement of the gramme dynamo, 
and in Fig. 25 the manner in which the circuits 
are arranged. 

In this machine the field is produced by means of 
two powerful liorse-shoe electro-magnets (Fig, 25), 
N A s and Nj B Si, wound so as to form a double 
north pole above—at the point n Ni— and a double 
south pole below— at the point sSj. The lines of 
force, therefore, pass vertically downwards from jsr Nx, 
through the armature E, to the south pole sSj. It 
will be noticed in Fig. 24 that at the place where 
the two north poles meet the iron is considerably 






•sere?v, triple-expamion. 
Built by Mebses, Di 
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of tile commutator is permanently connected to a 
point on the spiral, which can therefore be looked 
upon as being made up of numbers of sections, 


well-insulated copper wires wound separately, and 
then slipped on over the core. The junctions of 
the coils are soldered to the copper strips, E, 
which are bent at right angles, and 
which protrude beyond the ring. 
Vy y When the ring has been completely 
J! h Ji wound, and the ends A and b are 

Y closed, the strips B project beyond 

the armature and form a kind of hol- 
- ^ low cylinder with a space between 
8 each strip. These spaces are filled 
" "u some insulating substaiice— 

r usually mica—and the strips turned 
^ down so as to form the commutator. 

A wooden ring is shown separating the 
y coils from the strips. 

This dynamo generates a continuous 
y y y current, and as the number of sections 

j- ll J on the armature is usually large, the 

E.M.F. does not appreciably change 
Fig. 25 .— Diagram Illustrating the Theory of the Gramme Machine at different parts of each revolution. 

The machine just described is series 
each of which contains the same number of turns wound — all the current generated in the arraa * 

er loops of wire. The number of segments on 
the commutator clearly corresponds with the number 
of sections of wii'e on the armature, but a section 
may contain any given number of turns of wire. 

For generating high E.M.F.'s and small currents, 

of^hin wire, and 'for large currents and small 
E.M.F/s the: sections may contain as few as a single 

turn. , The', number of segments on the commu- ■ 

tator is no indication of the number of turns on 

The actual construction of the armature is 
illustrated in Fig. 27. The core is flattened, and 
consists of a bundle of well-annealed soft wrought- 
iron wires, shown in section A. These wires are ' 

Fig. 27.— Section op Gramme Ring. 


ture flowing round the field-magnet circuit — but 
it could be made either shunt or compound wound 
if required. 


THE STEAM ENGIls^K— IV. 

By Archibald Sharp, B.Sc., Wh.Sc., A.M.I.C.E., 
Instructor in Engineering Design at the Central Institution of 
the City and CkiiMs of London Institute, 

[ContUmed fromp, 153.] 

THERMODYNAMICS OP STEAM VAPOUR. 

The thermodynamics of a perfect gas are simpler 
than the thermodynamics of steam, and have been 
given in order to lead up to the latter. Let us now 
consider the effect of application of heat to water. 


used in preference to a solid core, since they pre- 
vent the formation of eddy currents, and since 
they are more quickly magnetised and demagnetised 
tha]j the solid substance. The coils consist of 
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If we take a pound of ice, at a temperature of produces no rise of temperature, but converts some 
0“ F. and subject to the ordinary pressure of the of the ice into water. To convert the pound of ice 
atmosohere, and apply heat to it, its temperature at 32° F. into water of the same temperature 144 


■■■■■■■■■■■■■I 


umm 




\m 


SISSHS 


■■■■■ 





bib 


■8SS88S i8S8i 

■gggi^Si 






IffiSSSS SMBS i SMI 


I8SSS sssass 


IgisS 


8 8Sg8S8SS 


iii 


■■■■■■ 




ABBB8 



Specif ic volume cuhcfeet. 

Fig. 36 .— Isotherm AL s of Stea.m axd Water. 


will gradually rise, and about half a thermal unit is 
required per degree rise of temperature ; that is, its 
specific heat is about *5. This increase of tempera- 
ture, which is accompanied by an increase of 
volume, takes place until a temperature of 32° 
is reached, when a further application of heat 


thermal units are required. This lieat which is 
not sensible ’to the thermometer is called latent 
heat”; and heat required to convert a substance 
from the solid to the liquid form is called the 
“latent heat of fusion” thus the latent heat of 
fusion for water is 144 thermal units. The water 
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at 32° is of less volume than fche ice at 32°. When 
the ice is all melted and more heat applied, the 
temperature of the water rises nearly uniformly at 
the rate of 1° per thermal unit. The volume at the 
*' same time diminishes pntil a temperature of 39° is 

\ reached ; at higher temperature an increase of 

I temperature produces an increase of volume. When 

I a temperature of 212° is reached, the further applica- 

tion of heat produces no rise of temperature, but 
: converts part of the water into steam. To convert 

a pound of water at 212° into steam at 212°, 966 
' thermal units are required. This is called the 

i latent heat of mi)OTuatw%. The volume of 1 lb, of 

. .steam at 212° is 26*1:7 cubic feet, or 1,650 times the 

volume of water at the same temperature. If more 
heat be applied the temperature rises, the specific 
heat being *4805, ^^1 the volume increases at the 
.same time. The steam is now called superheated 
I steam, and the relation between temperature and 

j volume is approximately the same as for a perfect 

i gas, the approximation being closer the higher the 

I temperature above the boiling-point. Steam at the 

I temperature of the boiling-point and free from 

watery particles is called “ dry saturated steam.” 
In other words, “ dry saturated steam ” is steam in 
such a condition that if heat be abstracted from it 
part of the steam wmuld be condensed into water, 
the temperature remaining constant, and if heat 
be added to it, its temperature wmuld rise. Wet 
[ steam is a mixture of steam and water, and the 

[ addition or subtraction of heat merely alters the 

■ proportion of steam to water in the mixture, while 

i the temperature remains unaltered. In the pheno- 

[ mena described above, it must be noted that the 

» pressure is supposed to remain the same through- 

1 -out, and is equal to the ordinary pressure of the 

I atmosphere. 

[ If now the water be subject to a greater pressure 

j than that of the atmosphere, the phenomena ob- 

'' served at the low^er temperatures will be the same as 

• described above, but the temperature at wdiich 

' steam is formed will be higher. For instance, if 

! the pressure on the water or steam be 15 lb. above 

t; atmosphere or 30 lb. absolute, the boiling-point 

i will be 250° and the latent heat of evaporation will 

be 939 thermal units, while the volume of the drj^ 
I saturated steam is 13*49 cubic feet, that is 843 

times the volume of the water from which it is 
[ generated. Our knowledge of the specific volume 

I of dry saturated steam is due to Regnault. Rankine 

P expresses the results of his experiments by the 

1: .... formula 

p V il = constant ( I ). 

i Practically it is more convenient to get the 

( :^eoific volume v corresponding to a given pressure 


^ from a table (see Table 1) ; but if a table is not 
accessible, v may be calculated provided the value 
of t’ for any one value of is known. 

TABLE 1. 

Melatimi 'between Presswre, Temperature, and 
Speeijic Volume of Dry Saturated Steam. 




Absolute 
lb, pe 

Ineli. 

Pressure in 
r Square 

Foot. 

Tempe 

Fahr. 

rature. 

Absolute. 

Volume of 

1 lb, in 

Cubic Feet. 


P 

■ 

P 

t 

T , 

V : 


•0S5 

2*24 

32 

493 

3,390 

i 

1*0 

144 

102 

563 

327 


2-0 

288 

126 

588 

171 


3*0 

432 

142 

603 

117 

1 

4*0 

576 

1.^)3 

614 

89 


5*0 

720 

162 

623 

72 ■ 

I 

6 

864 

m 

631 

61 


7 

1,008 

177 

638 

63 


8 

1,152 

183 

644 

46 

4 

9 

.1,296 

188 

649 

42 ■ 


10 

1,440 

193 

654 

38 


11 

1,584 

198 

659 

34 


12 

1,728 

202 

663 

32 


13 

1,872 

206 

667 

29-4 

|| 

14 

2,016 

210 

671 

27*4 


14*7 

2,116-8 

212 

073 

26-2 


15 

2,160 

213 

674 

25-7 

if! 

16 

2,304 

216 

677 

24*2 

" ■ ■■ ■ " jl| 

17 

2,448 

220 

681 

2-2-8 


IS 

2,592 

223 

684 

-21-7 


19 

2,736 

225 

086 

20-6 


20 

2,SS0 

228 

089 

19*6 

ii| 

25 

3,600 

241 

702 

15-9 


30 

4,320 

251 

712 

13*4 


35 

5,040 

259 

720 

11*6 

' ' 

40 

5,760 

267 

728 

10*2 


45 

6,480 

274 

735 

9*1 


50 

7,200 

281 

742 

8*3 

ir 

55 

7,920 

287 

748 

7*6 

' 'fli 

60 

8,640 

293 

"754 

7*0 


65 

9,360 

298 

759 

0*5 

' ' ' ' '■ 

... 1-, 

TO 

10,080 

303 

764 

6*0 

.1" 

75 

10,800 

SOS 

769 

, ' 5'7 ' 

i 

80 

11,520 

312 

773 

5-3 


85 ' , 

12,240 

3XG 

777 

5-0 

s,. 

90 

12,900 

320 

781 

■ , 4*8 

i 

95 

13,680 

324 

785 

4*5 

'll.- 

100 

14,400 

328 

789 

4-3 

ri. 

110 : 

16,840 

335 

796 

46 

I 

120 

17,280 

341 

802 

3*6 

pi 

130 

18,720 

347 

808 

3-4 


140 

20,160 

353 

814 

3-2 


150 ! 

21,600 

3,68 

819 

2-95 


160 i 

23,040 

363 

.824 ' 

2-78 


170 

24,480 

308 

829 

2*63 

IJS, f 

'' ' ' Igi 

ISO 

25,920 

373 

. 834 

249 


190 

27,360 

377 

838 

2:37 


200 

28,800 

382 

843 

2*25 


250 . 

36,000 

401 

862 

1-83 


300 

43,200 

417 

878 

1-54 

If 


The curve represented by the equation 'l.j 

is called the “saturation” curve for steam. It is 11-' ■ 

represented by the full line on Fig. 36. The !i| 
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student must clearly recognise that this curve is 
not an expansion curve, but merely expresses the 
relation between the volume of 1 lb. of dry saturated 
steam and its pressure. 

The relation between the pressure and temirera- 
ture of dry saturated steam cannot be expressed by 
an equation of such a simple form, and a table is 
used for the purpose (see Table 1), or the value of 
V and tloT any given value of p may be read off 
from l^ig. 36 with a degree of accuracy sufficient for 
some purposes. 

IsotheTmals of Stcani.~~lt is instructive to com- 
pare the isothennals of a liquid and its vapour with 
that of a perfect gas. Let us draw the isothermal 
for water and steam corresponding to a temperature 
of 21 2*^ F. Suppose a pound of water at 212° F. be 
enclosed in a cylinder fitted with a piston, it will 
occupy a volume ‘0169 cubic feet at the ordinary 
pressure of the atmosphere, say, 14*7 lb. per square 
inch. Let the point A represent this state. If 
now the piston be drawn out while the temperature 
be kept at 212°, some water is evaporated and the 
pressure still remains 14*7 lb. absolute. The point b 
represents this state, there being in the cylinder a 
mixture of water and steam. When all tlie water 
is just evaporated the volume is 26*2 cubic feet. 
This state is represented by the point c. If the 
piston be pulled farther out while the temperature 
is kept at 212°, the pressure will fall and the re- 
mainder of the isothermal will be a curve c D. The 
steam is now* called superheated, and its properties 
approximate to those of a perfect gas. If, now’, 
different temperatures be taken and the correspond- 
ing isothermals drawn, the points c will form the 
saturation curve wliich w’e have already studied. 

Adiabatlcs of Steam. — In a steam engine cylinder 
there is usually a mixture of steam and water. In 
this case the equation of the adiabatic is y; =: 
constant. The value of 7i depends on the initial 
proportion of steam to water in the mixture. If 
the total weight of tlie fluid mixture be 1 lb. wdiile 
the weight of the steam is x lb„ according to 
Zeuner the value of n may be represented by the 
formula 

n = 1-035 -f 0*10^’ (2). 

Ihinkine, who was the first to give an approximate 
equation for the adiabatic of a mixture of steam 
and water, gave the formula =z constant. 

This value of n may be considered as an average 
of those given by Zeuner’s formula. The quantity 
X is called the “ dryness fraction ’’ of the mixture. 
Assuming (1) and (2) to be true, 

If in (2) n be 1*0625, we have 

1*0625 = 1*035 -h -lOiZ?, 
from which x r= *275. 


Therefore, when the mixture contains 27*5 per 
cent, of steam and 72*5 of water, the adiabatic 
expansion curve will be same us the .saturation 
curve fur the same quantity of steam, and no con- 
densation of steam or evaporation of water will 
take place during expamsion. Fur mixtures con- 
taining initially a large proportion of steam, -n is 
greater than 1-^. and the adiabatic is steeper than 
the saturation curve, consequently there will be 
condensation during adiabatic expansion. If the 
mixture contain less than 27*5 ixn* cent, of steam, n 
is less Than t-t, the adiabatic is not .so steep as the 
saturation curve, and consequently there is evapora- 
tion of some of the water during expansion. 

Jixpanslo'ii of Steam, in the (fjJiiuler of a Steam 
BiKjlnc . — In the cylinder of a steam engim^ steam 
from the boiler is admitted while the piston per- 
forms the first part of its stroke. During this part 
of the stroke the pressure in the cylinder remains 
constant and nearly equal to the pressure in the 
boiler. The steam supply is then cut off by the 
slide valve, and the steam expands as the piston 
performs the remaining part of the stroke. If the 
cylinder walls, cover, and j>iston were of perfectly 
non-conducting material, tlie expaiisiun would be 
adiabatic. But the cast iron from which the 
cylinder and pi,ston are usually made is a good 
conductor of heat. Duriiig the admission of steam 
from the boiler the walls of the cylinder and the 
piston are heated— at least a small portion of their 
thickness— to about the temperature of the in- 
coming steam. The heat necessary to raise the 
temperature of the cylinder walls is got from the 
latent heat of a portion of the steam which is con- 
densed to water of the same temperature. jBy this 
initial condensation, although dry saturated steam 
may be supplied from the boiler, the steam in, the 
cylinder at cut-off may contain as much as 20 or 
30 per cent, of water, and in some cases even 50 to 
70 per cent. During* expansion the temperature of 
the mixture in the cylinder falls and there is a 
transfer of heat from the cylinder walls to the 
s‘team. 'J’he effect of this transfer is to re-evaporate 
part of tlie water in the cylinder and raise the final 
pre.ssure in the cylinder higher than that due to 
adiabatic expansion. 

With an initial condensation of, say, not more 
than 20 or 30 per cent., we may consider the ex- 
jDaiision curve to be a common hyperbola. This 
will be sufficiently accurate for estimating the form 
of the indicator diagram that will be given by an 
engine. 

If the initial condensation be greater, the re- 
evaporation is also greater, and the final pressure 
will be higher than would be given by drawing a 
hyperbola through the point of cut-off. 
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TEC H N 1 0 A L ,E B U CATI O IST : 


POLYTECHN-l'CS. 

By Quintin’ Hogo. 

It lias been my lot to hear two definitions of 
a Polytechnic coming from veiy different strata of 
society. , ,• 

A certain noble lord startled a South London 
audience by asking them, “What is a polytechnic?” 
and the reply he gave to his own question was that 
“‘it %vas the outward exf)ression of a desire that 
there should be something done to raise and unite 
the different classes of society.”' 

The other definition came to me through a con- 
versation between two ragged boys holding on to 
the railings in Yincent Square, where I happened 
to be playing football against Westminster SchobL 
One of these lads, recognising me, yelled out my 
name for the instruction of his friends, and con- 
nected it with the Polytechnic. “ Yot’s a poly- 
picnic?” inquired another boy standing near. “Yy, 
a place where they learns you everything ” ; and I 
am not sure if the ragged boy’s solution of the 
difficulty was not more exact than that of the noble 
lord’s above referred to. 

Perhaps one illustration of the difficulty of 
describing in a short article the sphere and scope 
of a Polytechnic Institute may be found in the 
fact that though I am writing this article for the 
New Technical Educator, I should feel that one 
on the same subject would be equally in place in an 
athletic journal, a religious magazine, a secondary 
education pamphlet, or a book on social subjects. 
As, however, nothing is so effective in the way of 
illustration as an object-lesson, I think my best 
plan will be to take the pioneer Polytechnic as an 
example, and in describing the various operations 
there I shall best indicate the lines on which success 
in such institutes can be best secured. 

Many years spent in ragged-school and institute 
work had brought home forcibly to my mind the 
thought that every existing institute that I knew 
of ignored the initial fact that man has more than 
one side to his character. For instance, there were 
educational establishments, such as the Birkbeck ; 
there were religious institutions, such as the Young 
Men’s Christian Association; there were athletic 
clubs and social clubs ; but no attempt had been 
made, so far as I knew, to unite them. On the 
other hand, no ordinary young man 'wanted always 
to be receiving instruction, or boxing, or at a prayer 
meeting, or in the reading-room ; but what he did 
require was a place where he could do any one of 
these things as he felt inclined, and where he would 
have an opportunity of doing them all well. This, 
thc«i, was the central thought of the Polytechnic : 


its special connection with technical instruction 
formed a natural and manifestly needed part of the 
educational side. To put the matter in another 
form, the “ Poly” seeks to deal alike with the head, 
the hand, and the heart, and to afford scope alike 
to the mental, physical,, social, and religious 
activities of young men and women. The response 
made as soon as it was opened by the class fer 
whom the Polytechnic 'was intended showed me, 
clearer than words could tell, that a pressing need 
had been met. Our own old institute in Long Acre, 
which had been carried on for many years under a 
limit of 500 members, was allowed, while the 
necessary alterations were being made, to double 
itself, and we moved into the Polytechnic, in 
September, 1882, 1,000 strong. 

The very first night another 1,000 young men 
booked their names as members, besides hundreds 
more as students, and it was evident, long before the 
first winter was through, that we had seriously mis- 
calculated the arrangement of our premises. I had 
fixed on 2,000 members and students as approxi- 
mately the number we might expect to have to deal 
with, and the rooms were all arranged on that sup- 
position. Our first season gave us 6,000 members 
and students, and we now number over 13,000. 

It may perhaps be asked how in the world order 
is kept amongst the thousands of young men 
trooping every night into the “ Poly,” and filling its 
vast capacities of accommodation to overflowing. 

The answer is as simple and satisfactory a one as 
could be desired. No such person as a “ chucker- 
out,” or paid keeper of order, is required in the 
entire building. The members of the Council wear 
badges, and, when it is necessary, call any member’s 
attention to any particular rule he may be volun- 
tarily or involuntarily transgressing. The fact is 
that young Englishmen at any rate live up to their \ 

surroundings, and if they see that an honest en- j 

deavour is being made to meet their wants they ) 

may be amply trusted to assist and not to mar the -'I 

effort, I have scarcely ever taken anyone round j 

the Institute who has not expressed his surprise at 'J 

the extreme orderly self-government and ' self- if 

control exhibited by the members. In so large a Y 

number, of course, a polytechnic, like any other it! 

place, will have its proportion of black sheep ; biu- U 

in a polytechnic rightly conducted there is such a i 

strong feeling in favour of proper behaviour an<l " 

good order that never once in my whole experience, i 

have I known it to be necessary to supplement the 
gratuitous and often unconscious influence of our 

members. . 

EDUCATION. ^ [; 

We have in all, d'ginng the winter, some 500 
different classes per week on. various , subjects^ - | 
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Onr staiffi of teachers consists of over 100, and, in 
passes and results, it need fear comparison with 
no other institution in the kingdom. 

Our first care was to approach the Trades Council 
of London, explain our object, and ask for their 
co-operation. From the first we have received 
constant assistance from them, as we arranged that 
the trade classes should only be open to young 
men actually earning their bread at the trades 
taught at such classes; the object of the Poly- 
technic, of course, being not to flood the market 
with untrained workmen, but to improve the 
capacities and knowledge of the w^orkmen that 
already existed. For instance, we will sup]30se 
that a plumber is engaged in a shop where almost 
his entire time is occupied in outside work. By 
paying a small fee such a man can attend the 
technical and practical plumbing classes, and learn 
the theory of sanitation, the best forms of traps, 
and can practically carry out internal work. Or, 
should the case be reversed, he has the opportunity 
at the Poly of learning ridge work, making 
gutters, hammering out lead so as to obtain an.v 
shape required, etc. A simple list of our classes 
would occupy nearly as much space as is allowed to 
this entire article ; suffice it to say, therefore, that 
we have tried to make the class-list as catholic as 
possible, always giving preference to those classes 
which would assist trades and manual labour. 
Brick cutting and laying, construction of arches, 
architecture, taking out quantities, boot and 
shoe making, carpentry, cabinet-making, carriage- 
building, electrical engineering, electro-metallurgy, 
plastering, typography, watch-making, goldsmith’s 
work, photography, upholstery, staircase construc- 
tion, tailors’ cutting, chasing and repousse work, 
etching, electro-plating, metal turning and fitting, 
wood-carving, and many other kindred subjects are 
dealt with in these evening classes. The fees range, 
as a rule, from 3s. to 5s. for members, and from 4s. 
to 7s. 6d, for nonmmmbers, though some few class- 
fees go higher or lower. If any member wishes 
another class added to the list, we tell him that if 
he will obtain the names of ten or twelve other 
members who will undertake to join the class we 
will provide the instructor and try it for a session. 

So far for the technical and trades side. Then 
there is a regular School of Art, with drawing from 
life, painting, modelling, book illustration, etc., 
attended by some 800 or 1,000 students. In this 
we 'also lay ourselves out specially for Applied Art— 
that is to say, for that side of Art which is of 
practical service in trade work. There is a 
Photographic School, where every description of 
photography is taught, and which has been excep- 
tionally successful. 


Then there are science classes, where building 
construction, the X-Jrincqdes of agriculture, organic 
and inorganic chemistry, geology, geometry, hygiene ; 
sound, light, and heat ; experimental physics, higher 
mathematics, physiology, steam an<l the steam- 
engine, etc., are dealt with ; and there are com- 
mercial and general classes covering typewriting, 
shorthand, book-keej>ing, French, German, Latin, 
Spanish, Italian, etc. There are also some special 
classes for prex)aring for Chamber of Commerce 
certificates, for the London Matriculation, for Civil 
fService examinations, telegraphists, etc. There i.s 
no limit of age or sex to any of tliese classes, pro- 
vided the one golden rule is adhered to that its 
n) embers shall in trade classes belong to the trade 
which they are learning. ^Ve also have, however, 
other classes suitable for w'omen only — such, for 
instance, as cooking, art needlework, drcss-cutring, 
etc., which are held in the young women's side of 
the Institute, and are confined to them alone. 

There are, of course, musical classes of ^•arions 
kinds, elocution classes, and instruction on other 
subjects usually dealt with in educational institu- 
tions. 

Another branch, and not an unimportant one, of 
the educational side of the Polytechnic is our day- 
school, which was the first of its kind in the king- 
dom. Here, for fees varying from I J guineas to 
2-h guineas per term, parents can have their children 
instructed in the ordinary branches of education, 
and also in the theoretical and practical elementary 
knowledge of certain trades, so that a boy is able 
on leaving the school to go into a firm as an improver 
instead of as an apprentice, with the additional 
advantage of having spent two or three years at a 
school with its improving surroundings in place of 
having been pitchforked into a workshop at twelve or 
thirteen years of age, wiiere his wmrk at first would 
probably have been to drag a truck about the street 
or fetch the men’s beer. It is a sight to do anyone 
good to visit the engineering or carpenter’s shop 
and see some scores of these intelligent-looking 
lads learning the use of the lathe, plane, or other 
tools under the instruction and superintendence of 
practical mechanics. 

There is also an advanced engineering school, 
where the fees are higher, and wdiich aims at a 
somewhat more complete education— teaching civil 
engineering, surveying, levelling, higher mathe- 
matics, etc., and preparing boys for more responsible 
positions than those held by ordinary artisans. 

In order to encourage excellence either in design, 
art, or mechanical 'W'ork, an exhibition is held every 
year at Christmas, when many hundreds of the 
members of the Institute or classes exhibit the 
results of their skill, and the i:)rizes are adjudged 
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by competent gentlemen representing various trades, 
who are always found ready to undertake the task. 
The Institute is always decorated by volunteer help 
for the occasion, and certain large rooms are put 
aside for the use of various sections, whose mem- 
bers add greatly to the amusement and interest of 
the show by entertainments- or exhibitions of their 
own, the fees for which go towards the funds of 
the respective sections. 

One great distinction between the Polytechnic ’ 
and all other institutes preceding it, lies in the 
character of its teaching staff. Wherever a manual 
trade is to be taught, or technical instruction in 
such trade is to be given, we invariably try to get 
some first-class foreman mechanic instead of going 
to a merely theoretical professor. In our experience, 
not only are the results obtained by this method 
very much better, hut there is of course no com- 
parison in the cost, for the actual workman will be 
content almost with shillings where the professor 
will want his pounds. A foreman, moreover, 
working all day at his trade, is in thorough touch 
with the daily wants of apprentices and young 
workmen ; he knows their language, their failings, 
and their requirements, and is consequently able, 
far better than a merely theoretical man could 
possibly be, to instruct them in what they want to 
learn. A highly- trained theoretical man may be 
necessary enough in one or two central places in 
London, but for the general instruction of our 
artisans I am convinced that a class taught by a 
competent foreman will beat almost any other. 

So far for the educational work ; now for the 
physical. A gymnasium is, of course, a sme qtid 
non both for young men and young women— indeed, 
it is doubtful if the latter do not need it most. 
Saturday afternoon rambles, Volunteer Corps, Medi- 
cal Staff Corps, Artillery Corps, Harriers’ Club, 
boxing, cycling, athletic clubs, and the like, are 
vigorously carried on, the Polytechnic Athletic 
Club playing, I believe, more teams than any 
other club in London, and the Cycling Club having 
obtained the proud position of premier club of 
England. 

The above societies— and, indeed, all other clubs 
in the Institute— are volunteer organisations of the 
members themselves. They collect their own funds, 
expend them in their own way, elect their own 
officers, and manage their own affairs, their fixed 
rules being subject to the nominal approval of the 
governing bod}’- — which, however, has never had to 
use the veto. 

The old boys of the day-school are bound to us 
by a special club, which plays its teams side by side 
with those of the other members, and throws itself 
into the ordinary I^olytechnic life. 

I', , ", , ,' 


Another feature amongst our societies which is 
well worthy of imitation is the association of a 
number of students of particular classes for practis- 
ing without expense the special studies which they 
prosecute. For instance, the members of the French 
classes formed themselves into a French society, 
which meets together for French conversation, 
dictation, writing, and other exercises, members 
taking it in turns to read aloud for the benefit of 
others, knowing that they themselves will receive 
similar assistance another evening. They will, 
further, arrange rambles in the summer and social 
evenings in the winter, to the great benefit of all 
concerned. This same system of mutual assistance 
is carried on by the members of the German, 
engineering, photographic, and other classes, and 
is a valuable adjunct to the paid instruction. 

In addition to these scholastic and athletic 
societies, there are a number with* more literary and 
social aims. For instance, there is a Parliamentary 
Debating Society, a Mutual Improvement Society, 

Chess and Draughts Club, Sick Club. There is 
a large refreshment-room, a large reading-room, 
supplied with papers, magazines, etc., a circulating 
library, a room set apart for the secretaries of the 
various athletic clubs, and another for the members 
of the Council. This last-named body consists 
of 35 members, who are elected by the members 
of the various Polytechnic societies. It was felt 
when our members became so numerous that it was 
better to get representative members selected by 
the various sections of the Institute than to request 
the members to vote as a whole. The Council meet 
some of the governing body every month in an 
advisory capacity, and anything that has been 
going wrong or wants attention in any part or 
section of the Institute is then brought forward by i' 

the members, so that the governing body are more l! 

or less kept in touch with the desires and wishes of | 


those "whose interests they have at heart. | 

In the midst of all this, a certain amount of more | 

distinctly religious work takes place. For instance, | 

there is a Bible class, with an attendance of about | 

100 members, held on Thursday ; another, held by ^ 

myself, on Monday ; a training class for Sunday- | 

school teachers, at which the international lesson j' 


for the next Sunday is taken, and which is at- 
tended by 70 or 80 teachers, is held on Fridays ; 
a young women’s Bible class is held on Wednes- 
day ; and on Sunday tw’o services for young men 
and young women respectively take place at 3.30, 
and a service for both sexes on Sunday evening. 
The expenses of these various classes are not large, 
but they form no charge on the general funds of 
the Institute, being provided from private sources. 
There is no religious test of any kind. We have, 
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I suppose, amongst us members of every possible 
shade of creed and no creed, and of varying political 
Gpinions. 

One point seems to me in some danger of being 
overlooked in the newer polyteodniics, viz., the 
social side. Our experience is that the sociability 
of members with each other affords a very fair 
barometer by which to measure the efficiency of all 
other sides of the work. If on goinginto the social 
rooms I find coldness, want of cordiality, mutual 
.shyness, and incongruity, I can pretty well tell that 
the eclncatioiial, athletic, and religious parts of the 
work are to some extent suffering. We Englishmen 
are not naturally demonstrative or cordial, and it 
would pay any polytechnic well to have two or 
three bright genial men with nothing to do but to 
mix up with the members and get them to know 
and like each other. Some of oiir members, feeling 
tliis, and desiring to do something useful wnth their 
leisure time, have formed themselve.s into a Social 
League, which takes up not only wmrk such as I have 
referred to, but also .social matters outside, and, in 
conjunction with the Christian Workers’ Union, 
conducts entertainments, visits the sick, runs 
lodging and employment bureaux, and endeavours 
generally to make itself helpful. The Governing 
Body endeavours cordially to co-operate with the 
members in their desires, whether educational, 
athletic, or social. . d ; 

. There is a boathouse at Chiswick, wdth boats for 
our wet-bob.s ; a large recreation-ground of 30 acres 
at. Merton, to which another at Harrow has now 
been added, for the use of cricket, football, and 
lawn-tennis members, north and south of the 
Thames. Special arrangements have been made 
with the Paddington Recreation Ground for the 
benefit of our cyclists, our day-school boys, two 
football teams, and the young women’s lawn-tennis ; 
and holiday trips for the benefit of members and 
their friends are run during the summer. These 
latter, independently of the actual holiday found 
and the recreation afforded, do a great deal to bring 
our members together and make them friendly and 
cordial. Saturday evenings all through the winter 
are devoted to self-supporting concerts, the out- 
goings and incomings about balancing each other. 
We invariably get a full house. 

Amongst the more recent developments I may 
mention a Reception Bureau for young men and 
women coming from the conntry ; a Labour Bureau 
run by the Social League; and a Co-operative 
Housing Scheme at Harrow, where members can 
obtain their freeholds by easy payments, and other 
advantages which I have not space to detail. 

; Such in brief is the Polytechnic. I only hope 
that those who seek to . reproduce like results will 


not forget tiie means by which alone tlie Polytechnic 
Institute has grown to wdiat it Is. I sliould be sorry 
to see the spiritual side of man the one thing neg- 
lected. The fundamental lines wiiich I should lay 
down, were I asked to do so, would be somewhat as 
follews : — ■ 

1. If you cannot do a thing well, leave it alone 
and admit nothing shoddy or second-rate. 

2. Keep out patronage and toadyism as you would 
‘ poison, and let whoever is at the head of affairs set 
the example of ignoring the artificial distinctions 
of class and occupation by mixing on cordial and 
equal terms with all the members. 

3. Inasmuch a.s you have to deal with tlie young, 
keep the Institute lively. Let there be constant 
growth and improvement in the pla.ce, and to do 
this keep well in touch with your own memljers. 

4. If you find yourself unable to follow any 
particular course desired by sotne, take the mem- 
bers into your confidence and explain to them the 
reason why. I liave always found our members 
eminently reasonable when treated reasonably. 

5. Do not attempt to attract members by lowering 
your standard. To do this is only the finst step 
to ruin. English boys appreciate backbone, and 
admire the old man rather less than the donkey in 
.^Esop's memorable fable. 

0. The place is meant for the young, so do not- 
let in the old. If you want to have young fellows 
between the ages of 16 and 26, you must, on the 
one hand, keep out very young boys, who would, 
innocently enough, make a playground of it, and 
who would thereby drive out young men, who would 
object to being disturbed by the “ kids.” On the 
other hand, middle-aged men and grey-heads, who 
will look up sourly if disturbed by a merry laugh or 
asked to put up with some inconvenience for the 
benefit of some function dear to young men’s hearts, 
will equally drive out those wdiom you wish to 
attract. Then, of course, you must have a live 
man as secretary. 

This, then, is the Regent Street Polytechnic. I 
hope and believe that it has only commenced its 
course of usefulness. I see many developments, 
such as housing its members, providing lodgings of 
a superior kind and at a cheap rate on the co- 
operative principle, obtaining labour news from its 
old members in all parts of the world for the 
guidance of intending emigrants, and the like, which 
as yet we have scarcely been able to touch. In 
days past its walls have been consecrated by earnest, 
faithful, and self-denying lives, desiring to give 
rather than to get; and with similar sentiments 
animating many of our present members, I look 
forward hopefully and thankfully to the years to 
come. 


STEEL AND ' IBON: 




STEEL ANT) IRON.—Y. 

By William Hexry Greenwood, 

F.C.S,, M.Inst.C.E., 21.1. 2LE., Assoc. Royal School of Mines. 

[ConiinKcd from 'p. 205.] 

CALCINATION OF IRON ORES (continued). 

The details of construction and size of the kilns 
vary in different localities ; thus on the Continent 
moderate-sized kilns are cylindrical, whilst the 
larger ones are elliptical or rectangular in hori- 
zontal section. With the circular masonry kilns, 
however, it is usually more difficult, without special 
devices, to regulate the temperature as required so 
as to prevent the centre from becoming too hot, 
and so clotting spathic and similar ores. 

Kilns have also been built so as to be heated by 
fires at the sides of the kiln, when the flame and 
heated gases from such fires ai'e conveyed through 
the materials charged into the kiln. In Sweden, 
magnetite and schistose hmmatite are roasted in 
circular kilns heated by the combustion of the 
waste gases from the blast-furnace. 

In the Cleveland district, the kilns (Fig. 1) first 
introduced by Mr. Gjers are extensively employed ; 
they are circular in section, and built of iron plates 



lined with 14 inches of brickwork. Such kilns are 
about 3’3 feet in height and 24 feet in diameter 
at the widest part, having a capacity of about 
8,000 cubic feet, holding, therefore, some 350 tons 
of ore and fuel ; but they are also constructed of 
twice this capacity. Gjers’ kiln resembles in appear- 
ance a low blast-furnace, with a conical lower 
portion A tapering tow^ards the bottom. The 
body is carried upon a cast-iron ring B, which rests 
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upon short cast-iron columns c, so as to leave a 
clear space between the bottom of the kiln and the 
ground of about 30 inches. In the centre of the 
kiln and resting upon the ground is fixed a cast-iron 
cone D with its apex upwards ; this serves to direct 
outwards the descending roasted ore, which is then 
raked forward between the columns carrying the 
kiln, whilst fresh ore and small coal are constantly 
being added at the top, to replace the materials 
withdrawn at the bottom. Around the body of the 
kiln, and near the bottom of the same, are openings E 
usually closed by doors, but which can he opened for 
the admission of air as required for the process, and 
also for the introduction of the bars or other tools 
as may be necessary if the ore becomes softened or 
clotted from excess of heat. 

A double roadway passes over the kilns, with a 
gangway between and outside the two roads, and 
the materials of the charge are brought in trucks 
along the tramway, and thence are introduced 
into the top of the kilns. Sufficient air for com- 
bustion is usually drawn in between the columns 
and around the cone d. 

JVeatherlnf/ of Iron Ores is only necessary for 
such ores as contain pyrites or shale in considerable 
proportion ; in which case, instead of directly cal- 
cining, or, in exceptional cases, after calcination, 
the ores are exposed in heaps for two or three 
months to the joint action of atmospheric air and 
moisture, whereby the sulphur is oxidised with the 
production of soluble sulphates which are dissolved 
outby the rains ; but this method cannot be applied 
to calcareous ores, since the soluble ferrous and 
cuprous sulphates formed by the oxidation would 
be decomposed by the lime, with tlie formation 'of 
a sparingly soluble calcium sulphate, which wbuld 
largely escape solution ; and the deleterious elements, 
copper and sulphur, would thus remain in the drte, i 

although in different states of combination from those 
in which they originally occurred. Also such cal- 
careous ores cannot be subjected to any prolonged 
weathering calcination, otherwise the ore 

breaks up and falls into powder, owing to tlie 
slacking of the lime during the lixiviation for the 
solution of the soluble sulphates, and so the ores 
become unfit for introduction into the blast-furnace. 

REPEACTOBY MATERIALS, CBIJCIBLESj ETC. 

The refractory materials used in the metallurgical 
treatment of iron and steel are fire-clays and a fdvr 
natural rocks or minerals, either alone or suitably 
mixed with other ingredients, such as lime^ (jrapMfe 
or j)lumhago, 'burnt elay, etc. The refractory ma- 
terials are either moulded into bricks or crucibles 
of various forms, into pipes, tiles, tubes, etc., or ate 
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form the bottoms or linings of furnaces, as will be 
subsequently noticed. 

-llochs can rarely be used alone for these purposes, 
owing to their want of homogeneity, their great 
tendmrcj to crack when exposed to high tempera- 
tures, and their want of cohesion after being once 
broken up prior to their being moulded into the 
special shapes required in furnace construction. 

Clays also are seldom used alone nor in their raw 
state, but require admixture with other ingredients, 
and some preliminary mechanical treatment, to 
adapt them to the requirements of practice, since 
raw, untempered clays, when used alone, invariably 
contract in volume, and crack when exposed to a 
high temperature, leaving thereby fissures and de* 
pressions which quickly lead to the destruction of 
the furnace in which they occur. 

Fire-clays are essentially hydrated aluminous 
silicates, with small proportions of the carbonates 
of lime and magnesia, of iron as pyrites (FeSo), 
smaller quantities of potash (KgO), and soda 
(NagO), along with mechanically mixed silica (SiOo) 
or sand, and with water in both the combined and 
hygroscopic form. Clays are generally refractory 
in proportion to their basic character — that is, to 
the alumina (AlgOs) which they contain—to their 
freedom from calcium carbonate (CaCOo), iron 
pyrites (FeSg), ferrous oxide (FeO), potash, and 
soda, any of which at high temperatures would 
quickly combine with the free silica (SiOa) of the 
clay, with the formation of readily fusible vitreous 
silicates. The 'plasticity of clays, or their capacity 
to be moulded into any required form without loss 
of cohesion, is due to the chemically combined 
water which they contain, and, to some extent, upon 
the amount of alumina which enters into their com- 
position; also the finer the particles, usually the 
more plastic is the clay. 

Fire-clays vary from grey and pale brown to black 
in colour, have a greasy feel, and occur most largely 
in the Coal Measures of the carboniferous strata, in 
seams of from a few inches to 4 ft. in thickness ; 
and less frequently fire-cla 3 ’S occur in various other 
geological formations. Skmrlmdge fire-clay contains 
about 63 per cent, of silica, 23*5 per cent, of alu- 
mina, with 10*5 per cent, of water and organic 
matter, and 1*5 per cent of ferrous oxide. 

Lime is very refractory, and occurs native in the 
form of calcium carbonate, which, upon the appli- 
cation of heat, loses its carbon dioxide (CO 2 ) and 
becomes caustic, but it re-absorbs on exposure water 
and carbon dioxide and falls to powder, hence it 
can only he used in furnaces where a continuous, 
non-intermittent heat prevails ; and owing to the 
facility with which lime and silica combine to form 
a fusible silicate, it is necessaiy to avoid contact of 


the two in any part of a furnace exposed to a white 
beat. . . . . 

Dolomite is a highly basic magnesian limestone ; 
it is highly refractory, but contracts by heating to 
whiteness to about one half of its original volume ; 
hence, in using this substance it is necessary, before 
making it into bricks or otherwise applying it as 
a furnace lining, to well burn it, so as to expel 
carbon dioxide, and also to prevent, as far as 
possible, the great contraction just mentioned as 
arising when the material is strongly heated. 
Dolomite is now used (mixed with coal-tar as a 
cementing material) for the basic lining of the 
Bessemer converter in the so-called basic process 
for the production of steel. 

Bauxite is a hydi-ated aluminous ferric oxide of 
variable composition, containing usually about BO per 
cent, of alumina and only from 1 to 3 per cent, of 
silica, with 20 per cent of ferric oxide (B'e^Og) and 
from 15 to 20 per cent, of water, but some speci- 
mens contain much larger proportions of silica with 
less ferric oxide. It is a very refractory body, and 
affords an example of a substance containing some 
20 per cent, of oxide of iron, but which is practically 
infusible. Bricks made of calcined bauxite, mixed 
with 6 or 8 per cent, of lime, are practically infusible 
and intensely hard. 

Firestones, sandstones, granlte.s, millstone-grit, 
serpentines, steatites, conglomerate, and other sili- 
ceous or quartzose rocks, are sometimes highly 
refractory, and stand considerable changes of 
temperature without cracking— hence such rocks are 
frequently employed for the hearth-stones of blast- 
furnaces, and for the boxes of the cementation fur- 
nace ; but their use is limited, owing to the want 
of homogeneity and ofttimes also from the presence 
of metallic oxides in these rocks. 

Canister is a siliceous rock in which the silica is 
cemented together by argillaceous matter. The 
rock has usually sufficient cohesion to hold together 
after being simply rammed in tlie moist state around 
a wooden model having the form of the interior of 
the furnace ; and in this manner the crucible steel- 
melting furnace and the ordinary Bessemer con- 
verter arc lined with this material. 

Siliceous Sand is an exceedingly refractory ma- 
terial, containing in some varieties as much as 97 
per cent, of silica, the remainder consisting of a 
little lime, alumina, oxides of iron, and water. Such 
sand is used for mixing with fire-claj's, etc., in the 
manufacture of fire-bricks, it constitutes also the 
mortar used in the setting of silica bricks, and is used 
in making the bottom or hearth of the Siemens Steel 
Melting Furnace. Sands less pure than the above 
are employed for making the pig-beds of blast 
furnaces, and by the moulder in making his moulds 
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for castings in cast-iron. Owing to the small co- 
hesive quality in sands, though highly refractory, 
they are not available for most of the applications 
to which fire-bricks are applied. 


Fire-bricks should always be set in a mortar of fire- 
clay, andnot in the usual lime mortar; otherwise, 
at the intense heat to which they may afterwards be 
subjected, chemical union is possible between the 



Twyer. 


Fig. 2 .— Common- Forms of Fire-Bricks, etc. 
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Flre-hriclis, when of good quality, are capable of 
resisting the highest furnace temperatures without 
softening, cracking, or suffering decomposition, and 
should also withstand great and sudden valuations 
of temperature without suffering damage. For the 
production of a refractory slab, brick, quarry, tube, 
nozzle, etc, it is necessary that not only shall the 
materials be of the right description, but many pre- 
cautions require to be observed, both during and 
after manufacture, to prevent them cracking and 
crumbling away. Thus, to prevent splitting and 
cracking during the drying of the bricks, or by 
subsequent rapid alternations of temperature in the 
furnace, the raw clay is first tempered or exposed 
for some time to the action of the atmosphere 
before it is moulded into bricks ; and other materials 
also — such as previously hu7'7it fire-clay, old bricks, 
graphite in powder, small coke, crushed quartz, or 
siliceous sand (as may be required for the particular 
purpose to which the bricks are to be applied) — are 
mixed with the clay. In the manufacture of fire- 
bricks the fire-clay is ground between rolls or 
«ander-edge stones, is kneaded with water, then 
moulded like ordinary bricks, and the bricks are after- 
wards thoroughly dried and baked in closed kilns. 


free mechanically mixed silica of the clay, and the 
lime of the mortar, with the production of a fusible 
silicate, and consequent rapid destruction of the 
structure. Fire-bricks, like the >Stoiirbridge, are 
usually pale brownish, reddish, or yeliowdsh-grey in 
colour, often with dark spots, and when broken 
should show a compact close grain, free from 
cracks, and emit a clear ring when struck. Such 
bricks expand on heating from 32° to 212° F. 
about •0006, would weigh about 7 lb. each, and they 
should not contain more than about 9*5 per cent, 
of their weight of water. 

Besides the ordinary square brick of 9"x 
X fire-bricks are made for furnace construction 
in numerous special shapes and particularly named 
forms, amongst which are those shown in Fig. 2, 
Silica Briehs, as the name implies, are composed 
largely of silica, and are made from a clay, stone, 
rock, or grit containing from 97 to 98 per cent, of 
silica with about 2 per cent, of aluminous and ferrous 
oxides with alkaline matters. Such grits are the 
Dinas Bock of South Wales and certain of the Mill- 
stone Grits in the neighbourhood of Sheffield. Silica 
bricks are of a light yellowish-brown colour, with 
a coarse, irregular, granular fracture, showing a 
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trouble. There are two ways of making mitre 
joints ; 1st, by joining two pieces of pipe both 


yellow matrix embedding fragments of quartz, 'which 
give to the fracture a rough, hackly appearance. 
These bricks are highly refractor}^ and are used 
most extensively for the roof, ports, and other parts 
of the Siemens Open Hearth Steel-melting and other 
furnaces, where the most intense white heat occurs. 
The bricks are very tender or brittle in comparison 
with ordinary bricks, and require considerable care 
in transport ; they need to be kept from any 
lengthened exposure to rain or wet, and they cannot 
he set in a lime or clay mortar, but are laid with the 
smallest possible quantity of a paste of silica sand, 
or of silica cement and water. They cannot be used 
in contact with molten ferrous or other metallic 
oxides: Ordinary fire-bricks expand slightly on 
heating ; but silica bricks contract very consider- 
ably during burning, and they also further contract 
on heating to high temperatures and expand on 
cooling, so that considerable care is necessary 
when strongly heating and cooling down furnaces 
in which these bricks are emplo 3 ^ed. 

In the manufacture of these bricks, the rock is first 
broken up under edge-stones and mixed with milk 
of .lime to the extent of about half a hundredweight 
of lime to a ton of the rock. The mixture is then 
pressed into moulds a little smaller than the finished 
bricks are required to be. The moulded brick 
possesses little cohesion, and is moved with care 
on to the drying-floors to be thoroughly dried, and 
afterwards the brick is burnt for about five or six 
days in either kilns or ovens. 


sawn to the required angle, .as Fig. 62'; 2nd, by. 
sawing a V-shaped piece out of a length of pipe 
long enough to make the elbow Fig. 63). In 
this case the pipe is not sawn right asunder, but a 


PLUMBING.— T. 

By A Practical Plumber. 

(Continued from p. 202.) 

MITRE JOINTS, SETTING OUT ELBOWS, SOIL PIPE 
MAKING. ■ 

, Mitre Joints (Fig. 60). — These, also termed 
elbow-joints, are not very frequently made by 
plumbers in lead pipe, especially soil pipe, for the 
obvious reason that the corners afiord a lodging- 
place for filth and that from their shape they are 
liable to stoppage. Compare Fig. 60 with Fig. 47 
and observe the difference. If the elbow were the 
other way about, that is, if it formed the first turn 
from the trap of a closet, the case would be slightly 
different, and the joint might be allowed, as the 
objection as to being liable to stoppage would not 
apply there any more than to a pipe branching in 
at the same angle. Even in this case, care would 
have to be taken that the mitreing was correctly 
done, so that no part of the pipe projected up as 
shown at A (Fig. 61), as anything in the shape of 
rag, string, etc., would catch there and cause 


most frequently required, in fact a square bend or 
elbow such as Fig. 60 ought never to be used in 
plumbing practice if it can possibly be avoided. 
These elbows can be either wiped or copper-bit 
soldered, according to the purpose they are required 
for. If wiped a small lap is required ; to get this 
lap the side B (Fig. 63), should be cut down a little 
farther than .the other— ^you will notice that the 
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mitre-block provides for tbis— and dummied up at flat metal. By the method here given, an elbow of 

L as shown; the side A will then enter about f any degree of angle may be cut so that when turned 

inch, which is amply sufficient, then gently pull round it will be as perfectly true a fit as if sawn in 

^ mitre-block. Pig. 65 is the diagram. It is arrived 
I jj follows : — Describe a circle the diameter of the 

B 1 ^ 3 ’ I A ■ pipe ; draw the line A B any length longer than the 

N ciroumference of the pipe, divide the circle into 

; -^^o* 12 parts, starting from A, and with the compasses 

the two parts together ; they can be held in posi- in the same position, set off 12 parts along line A B, 

tion for wiping by a i3iece of wire fastened from starting from e. Next erect the perpendicular lines 

pp (Fig. 60), They can be wiped at once all over if 1 and 7. Next mark the diagonal line c d ; this 


line is to be marked half the angle that the finished 
pipe is to be ; that is, if the angle of the pipe was to 
be 90 degTees, or square, the bevel would have to 
beset to 45 degrees, one side of it then to be placed 
against line 7, and the line c D drawn across. Next- 
draw the lines 2, 8, 4, 5, 6 parallel to 1 and 7, 
cutting the divisions of the circle as shown. Next, 
from each point of intersection of the lines 1, 2, 3, 
4, 5, 6, and 7, with the diagonal line c d, draw lines 
P a HU KL parallel to Ab. Lastly, draw the 
curved line M ^ o from corner to corner, as shown, 
and the pattern is completed. I have spoken of 
setting the bevel to half the required angle of the 
finished pipe; this may perhaps puzzle some, 
though it is very simple. For an example, say you 
have taken the bevel "of the required angle and 
marked it on a piece of paper, and that ACE 
(Fig, 66) represents it." From A as centre, with 
any radius less than the length of AC or A'B, 
describe the arc B D, and from B and D as centres, 
with any radius greater than AB, describe arcs 
cutting each other in F; join A and F, and angle 
C A F is the angle to mark the bevel line for your 
pattern. These geometrical descriptions may seem 
a little obscure on reading them, but if worked bat 
they are perfectly clear. 

Soil Pipe Making,— ago the making up. of 
^oil pipe and traps fbrmed a principal part of the 


your mate understands moving it about right, hut 
some wipe half at a time. 

So7v to Set out an Mlow in the Plat. — Some- 


Fig. 66. 

tildes the plumber is required to make elbows in 
other materials than lead and cut them out of the 
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occupation of the plumber, and was always some- 
thing to fall back upon in slack times ; but of late 
years this lias not been the case ; improvements in 


lead-working machinery now give us drawn soil 
pipes of reliable quality and true in gauge, and 
though of course a flaw Ls occasionally (but very 
rarely) found in them, the same can be said of 
hand-made pipes. This being the case, the 
plumber’s occupation as far as regards the making 
of soil pipe is gone to a great extent, l^'et as it is 
frequently necessary to make a piece or so, and 
as the knowledge of the process of making it is 
certainly requisite, I will describe it briefly. 

Sizes of Soil difference of opinion 

exists among experts as to the best size for soil 
pipe, some advocating the use of a pipe as small as 
d inches ; others would fix nothing smaller than a 
4-inch and in many cases a 5- and 6-inch soil pipe. 
There is much to be said in favour of small-bore 
soil pipe; it is much more likely to be kept clean 
inside than a large-bore pipe. The 2-gallon flushes 
of water, which are all that the generosity of most 
water companies allow to cleanse a w.c., would 
exercise a far better scouring action on the sides of 
a 3“inch pipe than on a 4-inch. It is more con- 
venient to fix, it is lighter, and less costly. The 
only argument against them is that they are liable 
to stop up; but I maintain not, at any rate not 
from the ordinary use of a closet. True, a brush or 
anything of that kind accidentally getting into the 
pipe might cause a stoppage ; but, though we know 
strange things do get into closet pipes at times, yet 
it is *the exception and not the rule. Mr. S. S. 
Hellyer, in his excellent work, “Dulce Domum,” 
gives some thoroughly practical experiments with 
soil pipes of small bore (3-inoh) fixed in his factory, 
and arranged to take the discharge of several 
closets used by forty or fifty persons daily. For 
some years these were in use without a sign of 
their stopping up, proving conclusively that there 
is very little to fear on that point. For myself I 
must admit that I am a partisan of the small-pipe 
system, and of my own. accord would not fix any 
soil pipe larger than 4|-inch ; and it would, I think, 
be difficult to prove that this is not large enough 
for all purposes. I believe that this is so far 
admitted that there is more 4-inch pipe used than 
any, other size. 

Length of Pigies, — The shortest length advisable 


to make for stock is the width of the sheet of lead 
(7 feet), but 10- or even 12-feet lengths are required 
in large and high buildings to avoid making any 
more joints than is necessary. 

Substance of Lead for Soil Pij^es,— This should 
hot be less than 7-lb. lead, that is lead weighing 
7 lb. to the square foot super. ; and if thicker it is 
all the better. But I am sorry to say that a lot of 
work has been put in mucii thinner than that in 
buildings of a speculative character. I have come 
across plenty of pipe of not more than 4-lb. sub- 
stance. 

Cutting Out.—Tl\& sheet of lead being unrolled 
(Fig, 68) on the floor of the workshop or on boards 
outside — not on stones or gravel, mark off A b each 
side to the length required, say, 10 feet ; next along 
the lines A A and bb mark the size to cut the 
widths, the sizes for pipe of 3, 34, 4, 4|, 5, and G 


inches respectively are 0|, 11-t, 12-5-, 14|-, 16, and 
19 inches. But the following simple method wdll 
enable you to get at the size required to cut the 
circumference of any size pipe, at any rate near 
enough for any size pipe that a plumber is likely to 
want to make. Describe a circle (Fig, 67) the 
same size as the required pipe is to be. Draw a 
diameter to it and produce it somewhat more than 
two diameters beyond the edge of the circle as 
shown, A B, divide the diameter of the circle into 
7 parts and set off 15 more of these parts along 
the line towards b : the length from A to the end 
of 22nd space from A is the size required. The 
same result is arrived at by multiplying the 
diameter of the required pipe by 3 and adding 
Y of the diameter. Example : a 7-inch pipe 
7 X 3 = 21 -f 1 = 22. If you are working single- 
handed, you must use a long straight-edge a^d 
make the lines with a scriber. I prefer, however, 
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to use a chalk line for marking out long straight 
lines : it is used as follows. Weil chalk a sufficient 
length of line, g^t your mate or someone to hold it 
firmly down at one end, letting it run true through 
the marking points, stretch it tightly and hold it 
down your end; pull it up a few inches, and let it 
smartly dowm on the lead, when it will leave a 
plain mark easy to be seen ; the line must be 
lifted Yertically or it 'wiil not mark a true line. 
The cutting is not clone in the same manner as 
with most other sheet metals, vi*., by using 
shears or hand snips, but with a knife. There 
are two kinds of knives used in cutting out lead: 
one, called a drawknife, consists of a stout blade 
about 6 inches long, straight“.shaped, let into a 
handle from 2 feet 6 inches to 3 feet long ; in 
the blade, about 4 inches from the point, is a 
hole, through which is passed a stout cord. The 




Fig. 09. 

plumber takes the knife and guides it straight and 
13 uts the pressure on, and his mate pulls the rope. 
The other is an ordinary stout pocket knife slightly 
hooked at the point ; in cutting it is held at the 
angle shown at Fig, 69, or even a little lower, and 
care must be taken not to jerk the knife along 
but to cut with a steady forward movement. If 
the points of these knives are w'etted, they will 
cut all the easier for it. After cutting the lines, 
“ snick” the ends with the knife, and you can then 
pull the pieces off or roll them up, which is the 
best way. Unless you are sure of cutting very 
true, it is best to allow at least 4 inch more than 
the sizes given above, to allow for trimming 
after the lead has been ‘-dressed” flat. This is 
done with the dressers before mentioned, taking 
great care to dress it free from all bumps and 
clents ; before dressing brush both sides of the lead 
and also see that nothing is on the bench that 
w^iild injure the lead, such as a tin-tack, nail, or 
fragment of metal. Next trim it to the absolutely 


correct sizes, plus i, wdiich you will take oif 
again in shaving the edges, which is sure to be 
necessary, however true you may think that the 
lines have been cut. The best way to do this is 
to fix a board on the 
bench so that the lead 
is set up about or J 
inch off the bench, 
then secure the lead 
to the board and 
plane the edges with 
a jack plane, taking care not to set the plane 
iron too deep; trim up both edges in this way, 
square off the ends, and the lead is ready for 
bending, which is the next process. This is ac- 
complished by pulling round on a mandrel, and 
takes two or more to do it if the lengths are over 
7 feet. The mandrel should be the exact size 
of the inside measure of the pipe, if anything a 
trifle larger would be better, for it would not 
matter if the lead did not come right round within 

or even ^ inch, as it could easily be pulled 
together, but if there were more lead than would 
go round, it would be awkward. The method 
of bending is as follows. The mandrel is placed 
on the lead, taking care to have it parallel with 
it, the iflumber and his mate pull the back j)art 
of the lead round on to the mandrel, lightly dress 
the edge down, and then pull right round and 
finish dressing the two edges. Do not strike 
them hard or you will throw the edges out of 
truth again. Having done this, the mandrel can 
be withdrawn and the pipe is then ready for 
soiling, which for a fine soldered joint should be 
1 inch each side. 

Shavinff and Saldervtf/ the The shaving in 

this case is done with a gauge hook (Fig. 70), 
which shaves the pip>e to a uniform size all along ; 
“ touch ” the shaved parts, and let, your mate press 
and hold the edges of the pipe firmly together, 
whilst with a copper bit and stick of fine solder 
you tack it in several places along the seam 
(about every foot will do), and be careful to 
keep the two sides level or the seam will look 
very uneven when finished. Now' sprinkle some 
powdered resin along the seam and go right along 
it ; let the copper bit be well heated, and let it be 
a good-sized one, thoroughly well tinned and 
free from dirt. The pipe will now^ be thoroughly 
warmed and ready for the finishing touch, which 
is done by re-heating the iron and floating the 
solder smoothly from end to end. A seam properly 
soldered in this way is as strong as anything need 
be, and is the most expeditious way of soldering 
them. The pipes must he carefully examined to 
see that no solder has run through and formed 
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spurs on the inside ; if there are* they mnst be eut 
oil or melted down. 

1) fan'll These are made with plumbers’ 

solder and iron, and are much more difficult to 
make. The difference in preparation is that the 
soiling is much wider — 2 inches each side, the 
shaving should also be wider, ^ inch each side, 
“ Touch ” the seam, and with a very hot copper bit 


tack the pipe at intervals along it, the labourer 
holding it close as in the previous case, but instead 
of using line solder use a stick of thick lead (7 or 
8 lb.) I or ^ inch wide, shaved clean ; dip the end 
in powdered resin as you use it: this is called 
burning it together, and it is more likely to keep 
the pipe from coming open as you solder the seam 
than if line solder were used. 

In “drawing” the seams you will require the 
assistance of a labourer, to follow up the seam and 
cool it with a stream of water at every few inches 
as you proceed. 

Commence by pouring on the metal at one end 
till you get up the heat, then run the metal along 
10 or 12 inches, and draw the hot iron along each 
side, this will leave a body of solder on the seam 
while the remainder runs off at the sides, the 
labourer, with a piece of wood, pushing off any little 
superfluities of metal that may cling to the sides ; 
you must then keep right on in the same manner 
till the seam is finished. The seams can also be 
wiped by splashing or pouring the metal on, and 
using an iron or a blow lamp, and following up with 
the cloth. For convenience in performing all these 
soldering operations, a pair of soil-pipe blocks 
(I?ig. 71) will be necessary. They are simply blocks 
of wood of about the sizes shown in the sketch with 
a hollow in them cut to the sweep of the pipe, by 
their use the pipe is kept steady whilst soiling, 
shaving, and soldering. 

It is not absolutely necessary to have a pair of 
blocks for each size pipe, the 3-inch blocks, if made 
slightly full, will then do for 3-inch and 3^--inch 
pipe ; the same for 4-inch and 4f-inch, and so on. 
To still further lessen the number of blocks, they 
can be grooved botli top and bottom. . ■ ' 


' ■'"COTTGIn" spifotng.^v. 

By Henry Riddell, M.E. 
lCfjnfi/iUidfrotitp.'2(}9'] 

O.P E X I X G ( CO n 1 1 n netl). 

Opening. --After passing through the bale break- 
ing and mixing processes the cotton is ready for 
the opening-"a process which is intended to loosen 
the fibre still further, and remove the sand and 
dirt with which it is mixed. In the early days of 
the cotton trade in England this operation %vas 
manual, the cotton being pulled apart by hand, and 
afterwards spread upon a grated floor and beaten 
with withes or rods of mlhm^ the work being 
known as “ batting,” or “wiliowing.” It was ex- 
ceedingly expensive in labour, although in many 
ways a most successful process in treatment of the 
fibre as far as avoiding damage was concerned. 
There was also a constant liability of carrying away 
a quantity of dust with the open fibre. 

As a means of reducing largely the ' cOvSt, of the 
cleaning and opening, the machine known' as. the 
“Willow” was introduced, taking its name from 


Fig. 10 .— The Square-framed Willow. 

(Front View with Door Open.) 

the process employed earlier, which had been so 
called from the wood used for the rods. 

The use of the “willow” is almost extinct, 
except in the Oldham district, wdiere a number are 
yet employed. It was a very great advance on 
the beating upon the floor, but in most cases has 
had to yield its place to the more perfectly autp- 
matic machinery now used. Even in tlie Oldham 
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district the ““ willow” has its employment mostly 
in the manufacture of yam from waste, audit is 
doubtful if for any other purpose its use is ever 
advantageous. As it is, howeveiy still in use, a 



Fig. IL— The Sqxtare-fbamed Wielow. 
(Side Section.) 


short description may be given. In its earlier 
form (Figs. 10 and 11) the '‘willow’' consisted 
e.ssentially of a cylinder, carrying at intervals upon 
its surface rows of strong teeth or spikes, and 
covered upon its upper half cirGumference by a 
casing furnished internally with spikes similar to 
those upon the surface of the cylinder, while the 
casing of the lower half is constructed of per- 
forated metal or wire. This lower cover is hinged 
at one end so that It can be raised or lowered 
by means of a chain passing over a pulley. The 
cylinder is carried upon bearings which are parts 
of the framework, and is driven at a high rate of 
speed. In operation, the grating is lowered, and 
being covered with a quantity of cotton is returned 
to position and the machine started. The cylinder 
teeth lay hold upon the cotton, and by the centri- 
fugal action due to the surface speed the cotton 
lumps are thrown against the spikes of the upper 
casing, and by repetition of this action are opened 
and the fibre freed from dust and dirt, which 
drop through the perforated lower guard. In a 
very short time the work is completed as far as 
the cleaning is concerned, and the grating being 
again lowered the cotton is removed. In this 
machine there was a rough action upon the cotton, 


by no means improving its spinning qualities, ami 
there was no certainty that neither more nor less 
than the proper amount of w'ork wmuld he put 
upon the fibre, as everything depended upon the 
Judgment of the attendant. In a later form of 
the “willow” this latter defect was lessened by 
adding a feed apron, and a travelling lattice at 
the delivery end, by which the cleaned cotton 
could be delivered at a convenient distance. 

Modern IfaeMncs. — Of cotton opening and 
cleansing machines of more modern construction 
there are two great divisions, which are repre- 
sentative of distinct ideas, and employ very 
different methods to effect the same result. One 
example of each division wall serve to show the 
difference in treatment and sufficiently exemplify 
present practice, as the other machines employed 
are not so different in principle or construction as 
to require separate description. 

CrigMon Oi)ener . — Of the first class the most 
characteristic machine is the Crighton Opener, 
which is so largely in use and so much appreci- 
ated, especially for the American short-fibred 
cottons. 

The illustration (Fig. 12) shows the essential 
parts of the machine. This opener consists of an 
upright shaft revolving in a conical cage, and 
carrying a series of cast-iron circular discs. The 
cage stands, with its smaller end downwards, 
inside a cylindrical casing, and is formed in a series 
of steps, gradually increasing in diameter from the 
bottom to the top. The bottom is a dish-shaped 
metal casting with corrugated inner surface, and 
rises about one-third the total height of the cage, 
open to the feed tube at one side; beneath this 
dish is carried the footstep which bears the up- 
right shaft, while across the top of the case is 
fixed a plate, forming a cover and bearing a bridge 
In which is fitted the long Journal carrying the 
upper end of the shaft. The discs upon this up- 
right have, bolted to their outer edges, steel beater 
blades, which are the ■working tools of the machine, 
and are fixed at various angles as plainly indicated 
in the sketch. From the dish-shaped bottom cast- 
ing to the top of the conical cage the sides are 
perforated into a series of grids of a peculiar shape, 
designed to allow of the free passage of dirt with- 
out losing by the same path any of the fibre. In 
order to accomplish this, the steps previously men- 
tioned are formed into little niches, as shown in 
section, and open at the bottom of each step to 
allow of the dust falling freely. Between the little 
circular niches small slots are left, shaped at the 
sides with, a slope narrowing the opening towards, 
the outside. 

During the passage of a beater blade across the. 
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cotton at any point, tlie speed of the movement 
causes a sudden local compression of the air, which 
if not relieved might drive the cotton downwards 
with the dust, but this tendency is removed by the 
immediate outlet allowed by the slots. 

The feeding is through a tube which slopes 


it is when the mechanical feed is used and con- 
nected to the opener by “air trunks'' that the 
full advantage of the fan action described is 
found. 

Air Trn'iiliS . — As these contrivances are in con- 
stant use in the opening rooms of a cotton mill, it 





Fig. 12. 


downwards to the bottom of the casing, but turns 
into the cage at an easy curve to avoid the jamming 
which might otherwise take place there. 

The motion of the cotton into and through the 
machine is obtained by means of an air current 
due to the suction of two fans, one of which, placed 
so as to exhaust the air below the dish, may be 
called the feed fan, its duty ending with the arrival 
of the cotton within the cage; while the other, 
outside the machine, causes the upward current 
which gently lifts the opening fibre in the cage and 
finally lands it at the delivery, where a lattice is 
ready to dispose of it. The action of this machine 
upon the cotton is very effective, the gradually 
opening cotton being lifted in the cage only to 
meet with quicker and more energetic treatment 
from the beater blades, until it reaches the top well 
opened and cleansed. 

One advantage of this type of machine is that 
once the dirt is shaken from the cotton, it is finally 
got rid' of, there being no danger of its falling 
among the other cotton and remaining there. 

The feeding of this machine can be done by a 
lattice, or other feed arrangement if desired, and 


is necessary to describe them, and give such 
particulars as are required for the understanding 
of their construction and working. 

Tliere are many different varietie.s of these air 
trunks, but the principle common to all is the use 
of air currents for carrying cotton in its loosened 
condition througlt a tube from one machine to 
another, even wlien separated Iw a considerable 
distance or in different rooms. Their use is looked 
upon as greatly lessening the danger from fire, as 
it enables tlie most dangerous work to be done in 
isolated departments, while the cleaner and less 
risky operations can be performed where most 
convenient. 

■ At the same time these tubes are useful in two 
other important ways — as saving expense in han- 
dling, and as providing a means of removing part 
of the dust and heavy impurities from the pulled 
fibre, thus lessening considerably the duty thrown 
upon the opener. In Fig. 13 are sketched rivo 
forms of this apparatus— in diagram only, as the 
actual construction varies very much. 

The lower of the two forms figured represents in its 
principal details the greater number of those in use, 





direction of motion of tbc cotton, which rolls over 
them with the air current. Into the spaces thus 
formed much of the dirt drops, and is periodically 
removed through doors provided for the jjurpose. 

Howard k Bullough have introduced doors in 
the top of the air trunks manufactured by them, 
and have fixed the cell p>le.tes to the bottom doors 
so as to descend with them, thus providing very- 
great facilities for cleaning and for freeing the 
tubes in case of an accidental stoppage by the 
balling of the cotton. 

The same firm provide a stoj;) motion which, when 
the machine fed from the trunk stops work, arrests 
the feed to the air trunk, no matter how distant 
that may be. This is undoubtedly a useful im- 
provement, as preventing that jamming in the tube 
which is often otherwise unavoidable. 

Messrs. Platt have invented an automatic method 
of removing the dirt from the cells, 'which is sho'«^m 
in the upper sketch in the figure, and which ought 
to be very advantageous if the mechanism can be 
relied upon in its somewhat trying position. In 
this form the firm mentioned have added a lower 
cli^mber into which the doors in the bottom of the 
air trunk open directly, being balanced so as to 


clear the bottom of the chamber of any droppings 
which have shaken through or alongside of the 
traveller, sw'eeping them to a second do'wn shaft at 
the opposite end. * 

In all pneumatic tubes the regulation of the air is 
most important — if the current be too heavy the 
impurities have no time to settle, and if too light 
the tube chokes. The best regulation allows the 
cotton to waft gently with the air current over the 
top of the dirt cells. 

Openers belonging to the second of the two great 
classes mentioned may be described as modified 
mlhms. In machines of this class the constant 
feature is the large toothed or pinned cylinder, 
acting upon the cotton as in the willow. The teeth 
are not intended to tear the cotton, but to throw it 
violently against the corresponding projections of 
the casing ; hence they are not closely placed, but 
are rather thinly set upon the cylinder surface, and 
are large so as to act by a shaking blow, and not at 
all in the manner of the card clothing to be 
described later. 

Porenpines.—K?, belonging to the modified willow 
variety of openers the porcupines are much used, 
especially as feeders to machines of another class, 
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at least in modern mills. A. portion of the tube is 
formed as shown in sections, square-bottomed, and 
having at short intervals plates fixed, extending 
from the bottom about half-way towards the top of 
tlie tube, and often inclined slightly against the 


swing automatically when a certain weight of dirt 
has collected upon their upper surfaces. In this 
chamber an endless conveyer is provided, upon 
which the dirt drops and is carried to a down shaft 
at one end, 'while scraping blades are fixed so as to 
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14) the porcupine has a lattice feed, leading to one 
or two pairs of coarsely fluted rollers which present 
the cotton to a cylinder 13J inches in diameter, 
made with hardened steel teeth, riveted to circular 
rings. It may deliver direct to another opener, or 
upon a lattice or into a pnetimatic tube. 

A large cylinder of the modified willow type 
is more commonly used, combined in the same 
machine with an opener of the scutcher type, as 
made amongst others by Dobson k Barlow and 
Lord Brothers, 

Fig. 15 represents the machine as made by 
Dobson k Barlow, showing at the feed end the 
lattice traveller, and at the delivery end the lap- 
forming arrangement. In this machine there are 
four points which require a special examination, 
as they have not been previously dealt with — they 
axe the scutcher-beater, the dust cages, the lap- 
forming arrangement, and the pedal levers of what 
is known as the “ piano feed.” All these devices 
belong essentially to the scutcher rather than to the 
opener, but as they constantly recur in the different 
modern makes of opener, they may be described now. 


are most often two in number upon each centre, 
but three are frequently used, and there is much 
difference of opinion as to which number is most 
suitable. The two-armed variety is easier to 
balance properly, and an even balance when running 
is essential to good work ; yet three-armed beaters 
work satisfactorily when well made. When three 
arms are used, as is often the case in machines made 
by makers of the greatest experience, the speed of 
rotation does not require to be so high to give an 
equal number of blows per minute, and therefore 
the blo'w is softer, not so sharply given. Some cotton 
seems to suit better with this than with the 
sharp stroke of the two-bladed beater, although the 
working of the latter is favoured by very high 
authority; 

Across palms provided upon the arms are fast- 
ened the steel case-hardened blades, shaped so as 
to present an edge or angle to the cotton, and to 
touch it with the edge only, not to rub with the 
body of the blade. The speed of the two-winged 
beater is from 1,000 to 1,500 revolutions per minute, 
and is varied according to the cotton worked. 
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Scutcher Beater . — This is constructed upon forged 
centres as shown in section, the arms being forged 
with their bosses; these centres vary in number 
according to the width of the beater. The arms 


such as the vertical beaters, to which the Crighton 
opener belongs. The name is from a fancied re- 
semblance due to the erect spikes in the cylinder 
surfaces. As made by Dobson k Barlow (Fig. 
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than that of a generating line of the cone, as at 
P4 P4, the curve of section has two infinite branches 
and is called a hyperbola. 


The beaters are sheeted above by an air-tight case, 
and have a series of graduated grids or grate bars 
below to allow of the escape of dirt and waste fibre. 


The student will probably have learnt from plane 
geometry methods of drawing these curves. Having 
given sufficient elements to determine them, we will 
shovT how to determine the lengths of the axis, the 
centre, the foci, and the directrix of the conic, sec- 
tion made by a given plane. 

Let V be the vertex of the cone and p p the plane 
of section. Fig. 53 shows the position of the plane 
to give an ellipse, Fig. 55 to give a hyperbola. 
Let /j ancl/2 be the centres of two spheres inscribed 
in the cone and touching the jdane p P. Let 
and be the points of contact of the circles 
which represent the spheres in elevation with the 
two straight lines v % and y w forming the elevation 
of the cone. Let e\ ei produced cut p P in di and 
62 produced cut p p in d.2. Let P P cut v tv ,^nd 
vu in % and respectively. Let e be the middle 

point of di Draw a straight line parallel to P p 

to represent the axis of the conic section, and from 
^ project on this line Aj, Ag, Fi, Fg, 
and c. Aj and A^ are the vertices of the curve, 
Fj and F3 the foci, and c the centre. From and 
(h project the lines and D2 3>2 1 fbese are the 
directrices. In the case of the. paJ’abola (Fig. 54 ) 
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SECTIONS OF SOLIDS BY PLANES (continued). 

In pure geometry a cone means what we might 
call a double cone (see Fig. 52 ), La. the complete 
cone is the locus of a straight line passing 
through the vertex and also through a point on a 
curve the plane of which does not contain the 
vertex. The straight lines are supposed to extend 
indefinitely in both directions. This curve may be 
of any shape whatever, but if a cone is spoken of 
without any qualification, a right circular cone is 
usually meant. The “conic sections” are the 
carves obtained by making plane sections of a 
right circular cone. If the plane Pi Pi be perpen- 
dicular to the axis of the cone, the section is a 
circle. If the plane be parallel to one of the 
straight lines on the cone, as P., Po, the section is a 
parabola. Should the plane of section lie within 
the acute angle Pi 0 P2, the section is an ellipse. 
Should the plane of section pass through the axis, 
the section is a pair of straight lines. Should the 
incSnation of the section plane to the axis be less 



tlie points c, F^, and Ao and the line Dg Ds at an 
infinite distance. 

The length of the minor axis of the ellipse may 


be fouzid as follows : Through e draw g g at right 
angles to the axis <i\f^ of the cone, cutting it in 7/, 
and cutting v u and v w in g and g. On gg draw a 
semicircle, and at e erect the ordinate c k to the 
semicircle, o It is equal to the required length of 
the semi-minor axis c b of the ellipse. 

The asymptotes of the hyperbola may be drawm 
as follows. Through ?? draw q parallel to pp. 
Take any line I m I at right angles to the axis of 
the cone, cutting the axis in m, the sides vu 
and V TV in I, I, and v Q in n. On II draw a semi- 
circle and draw the ordinate r. Draw n /q and 
nhnt right angles tovn and equal to nr. The 
lines and v are parallel to the asymptotes 
CiTi and CY 2 of the hyperbola. 

SOLID OP BEYOLUTION. 

If any plane curve revolve about any axis in its 
plane, it will trace out a surface of revolution. A 
cone, a cylinder, and a sphere may each be re- 
garded as a surface of revolution. 

If a closed curve revolve about an axis in its 


X)Iane, but not intersecting the curve, the surface 0: 
revolution is called an annulus. 

The following problem will serve as an examph 
of the method to be adopted when dealing* witl 
plane sections of surfaces of revolution. 

An annulus of circular section resting on th£ 
H.P. is cut by a plane inclined to the H.P. and ai 
right angles to the Y.P. Draw plan of the lowei 
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part o£ the solid and show the true shape of the 
section. 

Fig. 56 shows plan and elevation of the annulus 
and the elevation QQ of the plane of section, the 
circles AAA and B B B being the section by a plane 
parallel to the V.P. and passing through the centre 
of the annulus. The section of the annulus by a 
horizontal plane will be a pair of concentric circles. 

Divide the circle AAA into a number of 
equal parts a' 3 , ... . (say 12) beginning at 

the top. Through a\ draw a line a\ c\ l\ parallel 
to xy; and from 111 drop a projector to 

the line x, parallel to xy and passing through o, 
the centre of the annulus. With centre 0 and radius 
o draw a circle 1 )\. a\ hi and ¥i 
are plan and elevation respectively of a circle 
lying on the surface of the annulus. Letjy'i he the 
intersection of a\ h\ and Q Q ; from draw a pro- 
jector p^i 2 h fo di Cl The point 2h2^\ on the 
curve of intersection of the annulus and plane q q. 


If this construction be repeated for the points 
... . a number of points .... will he 

obtained, which being joined by a fair curve will 
give the plan of the section required. 

The true shape of the section is got by taking a 
new X Y parallel to Q Q, or by taking Mi parallel 
toQQ and marking off from MjXi along the pro- 
jectors the corresponding distances from M x. 

The plan is evidently symmetrical about M x. 
In Fig. 56 only half the plan and half the true 
shape of the section have been drawn. The ccn- 
struction lines are fully drawn for 12 points, and 
partly drawn for other 12 points, in all 2-1 points 
on the half plan have been determined. 

The student may work out the example (Fig. 56) 
a number of times, varying the position of the 
cutting plane Q Q. In the position shown in the 
figure, i.e., Q Q cutting only one of the circles A A A 
and B B B of the elevation, the complete curve of 
intersection is one closed curve. If Q Q cuts both 
circles AAA and B B B the complete curve of inter- 
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section is made up of two closed curves, one lying 
entirely within the other. If qq is parallel to x y 
these two curves become two concentric circles. If 
QQ does not cut’ either circle of the elevation, the 
curve of intersection is made up of two closed curves 
each lying outside of the other, the particular case 
of Q Q passing through the axis of the annulus giving 
two equal circles. If Q q touch one of the circles, 
the curve at intersection will have a “double” 
point, and if it touch both circles there will be two 
“ double ” points on the curve. 


CUTTING TOOLS.»™-Y. 

By R. H. Smith, 

Professor of Mechanical Eagbieerimj, Masryji's College, 
Birmingham. 

[Continved from p. 21^.] 

SAWS AND MILLING MACHINES {contimieif). 
Frmne and Band Saws.— In hand and machine 
Frame saws the thin blade in ten.sion is universally 
used, as also in Band saw’s. A very large proportion 
of the work of cutting logs into planks and boaras, 
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CUTTING TOOLS. 


wMch work is called the “reduction” or “con- 
version ” of timber, is done by frame saws. In these 
a large rectangular frame is driven up and down in 
upright guides by crank and connect- 
ing-rod .situated underneath the floor, 
and a number of saw-blades, some- 
times as many as twelve or fifteen, are 
stretched vertically between the top 
and bottom cross-beams of this frame. Bt 
The blades are spaced apart by blocks 

of hard wood or of iron of a thickness IL 

corresponding with that of the planks ^ 

to be cut, the spacing being greater ’ 
than that of the plank by the width | 
of “ kerf,” or slit made by the saw- j j ^ 

The blade of the band saw is very ' 
thin and flexible. It runs over two 
large pulleys, the frictional grip of ' 
the lower one of which on the blade 
supplies the driving force. The bear- k ^ 

ing of the upper pulley is pushed up- BHLa j 
wards by a spring or weighted lever 
to keep the saw-band tight. It has 
the advantage of running at a much 
higher speed than the frame saws ; 
but, on the other hand, it is imprac- 
ticable to arrange for several blades ^ 

to run side by side, and thus only one 
cut at one time can be accomplished. The suit- 
ability of the band saw for large heavy work, such as 
big log-squaring, was long ago recognised in France, 
and, more recently, Messrs. A. Ransome & Co. have 
built a great number of very large size. Fig. 14 illus- 
trates the machine. The pulleys here are 8 ft. in 
diameter, and are pushed apart with a force of from 

4 to 5 tons, which is the stretching pressure put on 
the saw-band. The band itself is 8 to 9 in. wide, 
No. 16 B.W.G. thick, and about 60 ft. long. It runs 
with a cutting speed between 7,000 and 8,000 ft. per 
minute, and will cut through a depth of 75 in., while 
the rate at which the log can be fed through the 
machine may be as great as 60 ft. per minute. 
Otherwise expressed, the surface cut per minute 
may be 60 to 80 square feet in hard w^ood and 120 
to 150 square feet in soft wood, the kerf being 
-jV inch wide. The shafts of the band pulleys are 

5 in. in diameter, of forged steel, and run in long 
self-lubricating swivel bearings. In smaller sizes 
the pulley overhangs the bearing; but for these 
heavy cuts an outside bearing is essential. Im- 
mediately above and below the cut the steel blade 
is guided and supported against the cutting pressure 
by a hardened steel roller at the back, and by 
hardened steel blocks at either side. The upper 
large pulley is capable of complete adjustment as 


to position, so as to guide the blade even during the 
hea\dest cuts to such an extent as to leave the above 
steel roller very little work to do, and therefore 


to avoid risk of injurious heating of the blade due 
to intense concentrated pressure at this roller. 

Circular Naiw^.—Eotating circular saws, on the 
other hand, are intermediate between the thrust 
and the pull saws. In them we may imagine suc- 
cessive radial segments of the circular blade to act 
as spokes of a wheel, and the cutting teeth to be 
driven through the wood by these spokes. The 
direction in which they are driven is perpendicular 
to the spokes, which are therefore, on the whole, 
thrown neither into tension nor compression, but 
are simply hent. The thin circular blade is usually 
3 to 4 feet in diameter, but is sometimes 6 to 7 feet. 
The latter size may take about 12 horse-power to 
drive it. The blade is clamped between two large 
strong washers mounted on the horizontal steel 
driving spindle. Most of the upper half of the 
circular blade stands above the level of the cast- 
iron table over which the timber to be sawn is fed. 
This table supports an adjustable guide plate by 
help of which the timber is fed forwards along a 
straight line, and a uniform thickness is sawn. 

Forms of Saw4eeili . — In all hand saws and in 
most machine saws the teeth are made solid with 
the blade. There is a great number of different 
shapes used for the teeth, some of which are found 
better for cutting across the grain, and others for 
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saws. The setting is best performed by striking 
down alternate teeth upon a small anvil specially 
made for the purpose. When all the teeth that 
have to be set to one side are struck down, the saw- 
blade is turned over, and the others are struck 
down to the opposite side. The teeth are, however, 
more commonly set over by ineatis of a specially 
constructed pair of pliers upon which there is a 
stop which, as the pliers pull the toot it over, comes 
in contact with the blade, and tints regulates the 
angle through Which the tooth is bent to the side. 
In filing the teeth to sharpen them, care must be 
ta-keii to bevel the edges of alternate teetii opposite 
ways, and ill the subsequent .setting equal care must 
be taken to bend each set of teeth towards the side 
of the blade for which it has been sharpened— that 
is, so that the sharp bevelled edge will lie outwards 
on the side to which the tooth is bent. The M 
tooth is intended to cut both on the forward and 
backward strokes. Tiie opposite sides of the M are, 
therefore, bevelled in opposite directions. The re- 
sult is shown in c, Fig. 1C». ■ 

The above method of setting is the commonly 
adopted one, and is called “ spring ” setting. An- 
other style is what is called “ spread ” set. In this 
the tooth is not bent, but ha.s its extreme point 
hammered, or “ swaged,” so as to become broader 
than the thickness of the blade. This is more 
suitable for ripping than for cross-cutting. 

InseHed TectlL—lVi Fig. 17, / and g are two forms 
of “inserted ” teeth that have been used for circular 
saws in America. The mode of fixing them in place 
is sufiicientiy evident from the diagram. The 
advantages of the inserted teeth are, that if a few 
teeth are broken they can be replaced easily, so as 
to make the saw as good as it was originally; that 
the diameter of the saw is not reduced by repeated 
filing in sharpening ; that the teeth may be tempered 
much harder than the rest of the blade ; and that 
the separate teeth being all individually forged and 
ground to gauge— he., to one exact pattern — they 
are of necessity all exactly alike in size and shape. 

The last point is a specially important one. If 
any tooth in a saw-blade does not stand so high 
as the level of the others, evidently it can do no 
work, and might as w^ell be non-existent. If, on the 
other hand, its point is too high, it becomes buried 
too deep in the timber, and either will be rapidly 
worn and blunted, or will be broken off altogether. 
Until it is injured in one of these ways, it prevents 
the neighbouring teeth coming into proper action. 

Sarvdust Space. — The gap between successive 
teeth is cut out not solely with the object of forming 
a proper front face to the tooth, but also for the 
purpose of providing a space in which to store the 
sawdust produced by the tooth in front of which 


ripping ” in the direction of the fibre, some more 
especially suitable for hard, and some for soft wood. 
Fig. 15 shows seven different common forms of teeth. 
The first four shapes are for cross-cutting—^ re- 
ceiving the special name “peg” tooth, and h that of 


-iMJvtMMlvAM 


M tooth. The fifth (e) is suitable for ripping soft 
wood, and, when made of a smaller size, for sawing 
iron; /is one of the shapes commonly used in 
sash-sawing machines, in which logs are converted 
into planks ; y is a form suitable for a circular saw. 

In Fig. 16 are shown several forms drawn to an 
enlarged scale, and showing the “ set’’ of the teeth. 

Settbig Sa7v-teeth. — “Setting” is the bending of 
successive teeth alternately to one side and the 
other. The purpose of this is to make the width of 
the cut greater than the thickness of the blade, so 
that the blade may pass to and fro without much 
friction. Greater power being required for cross- 
cutting than for ripping, and the cut surfaces — 
composed, as they are, of bundles of fibres perpen- 
dicular to the surface— being less yielding than 
those parallel to the grain, a large amount of set is 
given to cross-cut saws, and very little to ripping 
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the gap lies, during the time this tooth is passing 
through the wood; since, during this time, the 
sawdust has no opportunity of escaping out ot the 
kerf. The gap must be large enough for this storage 
purpose, and therefore its size should depend on 
the greatest thickness through which the saw is 
designed to cut. It should also be larger the deeper 
the tooth is intended to cut, that is, the stronger 
the tooth is made. 

Cutting Speed mul Feed . — Circular saws 
are made to cut usually at the speed of 
about 9,000 feet per minute, but in America 
it has been found practicable to use one- 
and-a-half times that speed. Saws running 
at the higher speeds arc ground so as to 
make the thickness of the blade at the 
periphery considerably thinner than at the 
centre. The object' of this reduction at 
the edge is to obtain as little weight as possible at 
the points where the Telocity is highest, in order to 
reduce the risk of breakage by centrifugal force, 
and at the same time to obtain as thin a kerf as 


possible. At such high velocities the periphery 
vibrates rapidly from side to side through a small 
range, the consequence being that the kerf cut is 
much wider than the breadth of the faces of the 
teeth. The greater thickness at tiie centre is re- 
quired for strength. 

A saw cutting with the peripheral speed of 9,000 
feet per minute can be fed forward at a rate 
varying from 30 to 100 feet per minute, according 
to the nature of the work done. If the feed is 
60 feet per minute, then the advance will he 
= -rliT f€>ot rr *08 inch for every foot of 
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peripheral movement. If the distance from point to 
point of the teeth is 2 inches, six teeth to the 
foot, the depth of cut for each tooth is evidently 
or rapid feed, 

100 feet per minute, that is about If mile per hour, 
the depth of cut is no more than *022 or inch. 

The very rapid feed that can be employed with 
saws in good order upon the softer qualities of 
timber is therefore by no means surprising when 
considered in connection with the very high peri- 
pheral velocity. Of course, for cross-^cutting the 
feed cannot be nearly so rapid. 

Horse- PoYcer. — The power required for sawang 
depends very greatly on the condition in which the 
teeth are kept. It is the worst possible economy to 
spare labour in keeping the teeth sharp, to their 
true shape, and all equally high. Saws are most 
commonly re-sharpened by hand-filing, but they 
can be more expeditiously and more uniformly 
dressed by one of the numerous special machines 
made for the purpose, in which the teeth are ground 
by a revolving emery disc. Circular saws have to be 
dismounted, and taken to the sharpening machine. 
In order to save time it is necessary to have different 
blades for the same machine, so that it need not 
stand idle while one blade is being re-dressed. 

The horse-power required for sawdng machines 
varies with the feed, and the horse-power actually 
supplied to them in common practice depends 
greatly on the character of the duty to be per- 
formed. If the saw is infrequently used, only 
sufficient power is supplied to enable the wmrk to 
be done at a slow rate of feed, because in this case 
the loss of time involved in the slowness of feed 
is of little importance. But if the saw is used 
for a constant special duty— if, for instance, it is 
specially constructed and used for the production 
of railway sleepers from the rough logs, or for the 
conversion of heavy timber into planks, since such 
work goes on continuously — ample power is given 
to the saw to enable it to be used to its full 
capacity. The following examples are given on the 
authority of Grimshaw. 

GA>ira SASH SAWS, OR SAW FRAMES. 


CIRCULAR SAW; 


Solid 


Inserted 


Solid 


Inserted GO | G 


All the above saws — sash, hand, and circular — 
were used on pine with the above speeds, feeds, 
and horse-powers. 

Saws for Iron , — Small circular saws of 1 to 3 inches 
in diameter are much used for cutting the slits in 
heads of screw nails and metal screws, and also for 
making slits in various metal articles in the small- 
ware trades. The cutting speed of the teeth is very 
much smaller than that of wood saw’s. It is greater 
for brass than for iron, and greater for iron than for 
steel. No lubricant is used with brass or cast-iron, 
but -with steel and iron oil or soap-and-water are 
used in order to keep the tool and the work cool. 

Circular saws are also used for cutting iron bars 
to the lengths desired. Except for small sizes, it is 
usual to heat the iron to a red heat. The heating 
softens the iron, and, of course, makes it much 
more easy to cut it, so that bars and plates 2 or 
3 inches thick can be cut without destroying the 
saw teeth. Eecently, circular saw's ha^ e been used 
for cross-cutting billets of iron and steel 8 inches and 
9 inches square. In saws intended for heavy w’ork, 
the saw is arranged to run through n trough of cold 
water, in order to keep it cool, and prevent it from 
losing its temper. Powerful band saw^s have been 
lately used for sawing through great depths of iron 
and steel. The largest hand used by Messrs. Hulse 
.and Co. i-s 2^ inches wide, and, runs at 40 to 50 feet 
per minute, the tooth pitch varying from l to -i inch. 



DRAWING FOR OARPENTIBS. 


DRAW^IHG FOE CARPEHTEES AND 
JOINERS.-- V. 

[Contitiueii from p. 221,] 

■ DOVETAILING, , 

Dovetailing is of three kinds— common, lap, and 
mitre. Common dovetailing shows the form of the 
pins or projecting parts, as well as the excavations 
made to receive them. Fig. 64 shows the ends of 


purposes. Here the dovetail is shown on the one 
side only, a ledge being left at the end of a, so 
that the ends of the dovetails of the side I do not 
penetrate quite to the front. 

Lap dovetailing (Figs. 67 and 68) is similar to 
this, but in that system the ends of the dovetails 
of the side a are shortened, and the recesses which 
are to receive them in h are not cut through ; when 
Joined together, therefore, only the ledge is visible 


the two boards a and 1) to be thus joined, and 
Fig. 65 shows the joint completed. Fig. 66 repre- 


<\Se€Hon at AA 


on the return side. Fig. 67 is sectional plan and 
elevation, and Fig. 68 is a quasi-perspective 
The two outside dovetails p p of the side a are not 


Section at BB 

sents a 'variation of this form used in attaching the 


shortened^ like the others q q, as then there would 
be left at the corners of J weak parts which 
be very easily broken off. 

Mitre dovetailing — sometimes called also secret 
dovetailing — conceals the dovetails, and shows only 
the mitre at the edges. The manner in which this 
Joint is effected will be understood from Fig. 
in which the two parts A and B are given 
part' being lettered to correspond with the position 
it is to occupy when the sides are Joined. Con- 
cealed dovetailing is particularly useful where the 
faces of the boards are intended to form a salient 
ahsrle, that is, one which is on the outside of 


282 


THE NEW TECHNICAL EDUCATOR. 


re-entrant angle, that is, a joint to be seen from the 
inside^ common dovetailing will answer best ; for, 
first, it is stronger, because the dovetails pass 


on Projection). These drawings in many cases 
do not present the object as seen b}^ the eye of 
a spectator ; and we wish tliereforo to produce 




pi 





Pig. 69. 

entirely instead of only partly through ; secondly, 
it is cheaper, for the dovetails which go through 
the whole wood take up so much less time in work- 
ing than where a mitre has to he left ; and further, 
if well executed, the dovetails are, by the very 
nature of the work, concealed internally. 

Fig. 70 exhibits a method of joining two boards at 


Pig. 70, 

drawings which will combine the ease of construc- 
tion of orthogra 2 :>]iic projections with the clearness 
and legibility of perspective drawings. 

Let a cube be placed before the eye of a .spectator 
with its front face at right angles to the line join- 
ing the spectator’s eye to the centre of the cube. 
The appearance will be as shown in Fig. 71. Here 



light angles to each other. This is the simple mortise 
and tenon, and will not require any explanation. 

Examples 15 — 20. — Draw the examples showm in 
Figs. 32, 34, 36, 60, 63, 67 half full size. 

INeLINEB PABALLEL PROJECTION, 

The drawings the student has done up to the 
present are all orthographic projections (see lessons 


the back face efe/ h appears smaller than the front 
face ah c d. Thus the size of any part of the draw- 
ing depends not only on the size of the correspond- 
ing part of the object, but also on its position; the 
further away from the spectator’s eye the object is, 
the smaller relatively will be the corresponding 
drawing. Suppose now the cube be placed further 
and further away from the spectator, the sides 
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ah cd and ef ah In the drawing will be more and 
more nearly equal (Fig. 72), Finally, if the 
distance between the cube and the spectator be so 
great that the lines joining the corners of the cube 
to the spectator’s eye are sensibly parallel, the 
appearance will be as in Fig. 73. We have here a 
j)a'rallel fr(^eetum <yt the cube, the projectors being 
at right angles to the picture plane or plane of pro- 
jection. Fig. 74 is a plan showing the relative 
position of the cube and plane of projection, and 
the direction of the rays or projectors to the 
spectators eye. In Fig. 73 therefore any part of 
the object wdiich is parallel to the plane of projec- 
tion has its corresponding projection of equal size. 
If now the cube be removed to the left of the 
spectator (Fig. 75), its front face being still parallel 
to the plane of projection, the projection obtained 
is shown in Fig. 76. This projection exhibits the 
faces Any/ and adhe as well as the two faces 
(coincident) shown in Fig. 73. If the cube be 
below the spectator’s eye as well as to the left, the 
projections (Figs. 77, 78, and 79) may be obtained. 
These projections exhibit all the faces of the cube 
— if the back edges be dotted — and are a series 
of quasi-perspective drawings of the cube. By 
suitably placing the cube relative to the picture 
plane and spectator’s eye, the projections ae, hf^ eg, 
and d h of the edges at right angles to the front 
face may be made to assume any requisite position 
and length. In practice it will be most convenient 
to draw the edges — which in the object are at right 
angles to the front face — at some angle that can he 
easily drawn. For example, in Figs. 77 and 78 the 
edge hf is drawn at an angle of 30° with it & pro- 
duced ; in Fig. 79 the angle is 45°. The angles 30°, 
45°, and 60° are the most convenient to use. In Figs. 
77 and 79 the length measured on the drawing 
is half the corresponding length on the object in 
space. In Fig. 78 5/ is equal to the corresponding 
true length. In working drawings, the edges at 
right angles to the plane of projection should be 
measured off full length, or foreshortened to some 
easy sub-multiple of the true length, say one-half, 
one-third, or one-fourth. In “Die Werkzeichnung 
fur Bauaiisfiihrung,” by C. W. 0. Schmidt, a draw- 
ing in w’hich this edge is measured off full length 
is called “ isometric,” but as this term has already 
a totally different meaning in English (see lessons 
on Isometric Projection) we will call this drawing, 
and also drawings in which this edge is fore- 
shortened, inclined parallel projections ” or 
quasi-perspective ” drawings. 

Mvajnjde 21.— Draw the inclined parallel projec- 
tion shown in Fig. S3. The angle shown in Fig. 33 
for the edges at right angles to the plane of pro- 
je^ion is 30°, and the foreshortening is one-half. 


The points hede are first drawn exactly the same 
as in Fig. 32, and lines inclined 30° drawm through 
them. The width eeiOT:dd\ is marked off, fore- 
shortened as assumed. The rest of the drawing 
requires no explanation. 

Examples 22-28. — Draw the inclined parallel 
projections shown in Figs. 35, 37, 39, 41, 58, 61, 68. 

In Figs, 39 and 41 the dimensions of the timbers 
may be taken the same as in Fig. 36. 

In Fig. 41 there is no foreshortening. 

In Fig. 41, the part k d I k hfn m should be drawn 
first, exactly as in Fig. 40, and through these points 
lines drawm at 30° with h /, and the thickness 
or m. qE marked off. Draw also the triangle dg Ins 
in Fig. 40. h and g are each equal to two- 
thirds of mnd, and dd^^, yyg, ll^ are each equal to 
one-half The thick lines indicate the proper 

form of the timber. The drawing of the upper part 
is clone In a similar manner. 

In Fig. 41 2 the preliminary construction lines 
shown thin render the drawing so clear that no 
further explanation is necessary. 

In Fig. 68 draw the line a b, and mark o^ac,c d, 
dg as in Fig. 67. From e and d draw lines at 30°, 
mark off d di, di along the line through d, half 
the corresponding lengths in Fig, 67. The rest of 
the drawing should be evident. 

Example 29.— To draw a circle in quasi-perspec- 
tive, its plane being at right angles to the plane of 
projection. In Fig. 80, a circle is drawn on the 
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front face of a cube and touching the sides of the 
face. A number of points (in this case 12) is taken 
on the circumference of the circle, and projectors 
taken to the edges ah, he, cd, da oi the cube. The 
edge hf is divided in the same ratio as ah is 
divided by the projectors from the points on the 
circumference of the circle. Projectors from the 
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Mxample 30. — To draw an inclined parallel pro- 
jection of the object represented in Fig. 81 by plan 
and elevation. 

We will arrange the object so that a pair of faces 
of the square prisms forming part of it are parallel 
to the picture plane. The square prism at the base 
should be drawn first ; this presents no difficulty. 
Then on the top of this prism a projection a h c (1 of 
the smaller top prism should be drawn. From a, h, 
c, d draw vertical projectors, marking off a. ai 
etc., equal to the corresponding dimensions in 
Fig, 81. The rest of the drawing of the small prism 
presents no difficulty. 

To draw the dome-shaped part of the solid, 
imagine it to be cut by a plane P (Fig. SI) through 
its centre and imrallel to the picture plane. The 
projection of this section p (Fig. 82) will evidently 
be the same as the elevation p' (Fig. 81). Take a 
number of points on this curve p, and draw pro- 
jectors from them to the top of the bottom prism. 
The feet of these projectors all lie on the line Q. 
From the points on Q draw projectors parallel to 
c If to meet the diagonal line R. From the points 
on R draw vertical projectors, and from the ])oints 
on P draw projectors parallel to Cihi) the inter- 
section of corresponding pairs of these projectors 
will determine points on the projection s of the 
corner of the dome. Through these points a fair 


points of division of and &/, parallel to hf and he 
respectively, determine by their intersection points 
on the circumference of the circle inscribed in the 

square h f g c. 

— ’ — These points are 

— -y, joined by a fair 

/ curve, which will 

yT t>e the required 

projection of the 
^ circle. 

It will be no- 
n\ U ticed that the 

figure Ijfg c with 
the in eluded lines 
/ \ is just a distorted 

' " - ■ ' ^''v. ' ; ' . ' ' . copy of the figure 

& c and its in- 
p ^ eluded lines. Re- 

bfx/" membering this, 

jr\ \ ! 1 i ! l\ 

/r ! 1 I I ! I I A determine the 

j — '• ‘ ^ -'a — I proper points 

* : ' through which 

Fig. SI. the curve must 

be drawn. 

In arranging a drawing care should be taken to 
avoid having circles in planes at right angles to the 
projection plane, since the construction given in 


curve is drawn freehand. A similar construction 
determines T, the projection of another corner of 
the dome. The construction lines for s and T are 
all shown, and a careful inspection of the figure 
should make the method ifiain to the student. In 
order not to crowd the figure, the projections of the 
two back corners, u and v, of the dome are not 
shown. A common tangent must be drawn to the 


Example 29, if repeated very often, will make the 
execution of the drawing rather laborious. The 
position of the object to be drawn should be so 
arranged that, if possible, all circles and carved 
lines on it are parallel to the plane of projection. 
This of course is not always possible, and the 
student must therefore know the construction of 
Example 29. 
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projections T and u; this tangent should be of 
course parallel to a-^ d-i. 

Example 81. — Draw the joint shown in Fig. 60 
in xjarallel i)rojection. This example is a further 
application of the principles involved in Examples 
29 and 30. Great care must be observed in execut- 
ing the drawing. Draw to a scale twice full size. 


PHOTOGEAPHY. — Y,. 

By T. C. Hepworth, F.C.S. 

{CoRtinmiil from, %>. 224,] 

EXPOSURE SPIUTTERS. 

The exposure shutter — commonly but erroneously 
called ail instantaneous shutter — is a necessary 
outcome- of ‘ the rapid pictures obtainable with 
modern gelatine dry jdates. With some subjects it 
is a necessity, but its use in season and out of 
season is much to be deprecated. The hand 


the diaphragm- slot between the combinations of a 
doublet, or it may work in the camera itself— some- 
times taking the form of a blind with a slit across 
it— working just in front of the sensitive plate. 


Whatever type of shutter be chosen, it should 
work wnthout the least jar to the camera, or at any 


acting shutter, but with the ordinary instrument 
no shutter is required for the great majority of 
pictures taken. A shutter is a valuable adjunct to 
the studio camera, and generally takes the form of 
a velvet-covered flap Yvorking inside the instrument 
so that it cannot be seen by the sitter. It is especi- 
ally valuable in taking the portraits of children. 

j^or out-door work the shutter used may take a 
position either in front of the lens, it may work in 


i. Fig* 35. 

rate no vibration should be . communicated to the 
apparatus until the exposure is oyer. 

The simplest form of shutter is that known as 
the drop-sb«tter, shown at Fig. 32. In this case 
a frame fits over the lens, containing at each side a 
groove, in which falls by gravity a slip of wood' or 
ebonite, having an orifice in it of larger size than 
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the lens aperture. This orifice it will be seen in the 
example given is not rectangalar— a portion both 
at the top and bottom encroaching on the central 
space. The reason of this is to counteract the less 
brilliantly illuminated edges of the plate by robbing 
the central portion of some of its light. 

Places’ shutter, shown at Fig. 33, is a useful 
form. In this we also have a frame fitting on the 
hood of the lens, but in this case it is closed in, and 
contains two grooves, in each of which moves a 
plate of ebonite, the two plates being hung by- 
cords over a roller at the top of the instrument, as 
shown at the side of the diagram. A string from 
each plate hangs below, and the effect of pulling 
either is to raise one plate, and to puli down the 
other. The writer has found this shutter useful 
for taking animals and children in the open air, 
for the exposure with it can be regulated from 
about the tenth part of a second to as long a period 
as may be convenient. 

A shutter on the go-and-return principle is showm 
at Fig. 34, and this introduces us to an important 
feature of most shutters, namely, the pneumatic re- 
lease. Py squeezing the air from an india-rubber 
ball at the end of a tube of similar material the 
mechanism is set in motion without communicating 
vibration to the camera, as would be the case if actual 
touch of the hand were necessary. This shutter, like 
many others, is so arranged that it will remain open 
as long as pressure is kept upon the ball. ^ 

Fig. 35 exhibits the see-saw shutter, in which a 



Fig. 36. 


plate bored with a hole, as in the case of the drop 
; shutter, moves across the lens aperture on pre.ssure 

of a pneumatic ball. 





In the Thornton-Pickard shutter (Fig. 36) we 
have an example of the rolling-blind principle. 
ThiS' shutter can be set so as to give what is known 



as a tme exposure, or it will work instantaneously. 
The shutter is a favourite one, and is largely used. 

Another shutter working on the Mind principle 
is Kershaw’s (Fig. 37). This can also be used 
for time exposures, as well as for so-called in- 
stantmieous work. This shutter is so noiseless in 
operation that it is much used for photographing 
children and animals. 

Many shutters now^ sold are far too- complicated 
and delicate in their construction. A shutter 
should on the contrary be of such simple design 
that it cannot readily get out of order, and can be 
easily repaired by the user if anything goes w’rong 
with it. It should be capable of being graduated 
as to speed of working, for certain moving objects — 
ships at sea, for instance— require far quicker 
exposure than would a city street full of people. 

To ascertain the speed at which a shutter works, 
a good plan is to cause a white index pointer to 
move at a uniform speed — say one revolution per 
second — round a black dial wdth white division 
lines. As the pointer moves, it is photographed by 
aid of the shutter which it is required to test. The 
movement of the pointer will be indicated in the 
negative by a blurred mark, and the proportion 
which the length of this blurr bears to the circum- 
ference of the dial will indicate the fraction of a 
second at which the shutter works. 

COPYING DOCUMENTS, DIAGEAMS, ETC. 

The photographer is frequently called upon to 
make copies of pictures, diagrams, documents, etc., 
and a few brief directions as to the best manner 
of carrying out this work will be here briefiy 
given. * 


\ 


PHOTOGEAPHY. 


287 



I j Fig. S9. 

In copj’ing’ pictures of any kind the first requisite approach it or recede from it for focussing pur- 
ls, to ensure that the copy is placed absolutely , poses, while at the same time the camera has a 
squarely in front of the camera, and this, although lateral movement hy means of the super-carriage 


It is frequently found in this work that the 
ordinary camera will not extend far enough to 
enable the operator to approach the object as 
closely as he requires to do to obtain an image of 
sufficient size. As a case in point, let us suppose 
that he requires to copy a cabinet picture the same 

size as the origi- 
nal, and that he 
using a lens 

g ' front of frie lens, 

! ance behind it ; 

Fig. 3S. if therefore his 

camera does not 

extend to as much as that, the work cannot be 
done without further aid. It is obvious that the 
difficulty is increased should the copy be required 
to be slightly larger than the original. 

By fixing upon the camera front a cone of 'wood 
like that shown at Fig. 38, a remedy is at once 
found. The apex of the cone is pierced for the 
lens flange, while its other end is made to fit the 
groove into which slides the ordinary camera front. 
The advantage of having an extra flange or two for 
each lens employed is here indicated. 


it appears to be the simplest thing possible, is by 
no means easy of attainment unless special ap- 
paratus is employed. The writer has constructed 


a cojpying-stand which has proved most useful in 
many different w'ays. It is a simple light platform 
which can readily be cjirried from room to room, 
or into the open air, about 4 feet 6 inches in height 
and 4 or 5 feet long. A common table might easily 
be adajDted to the purpose. Its chief part is an 
upright board upon which the picture is fastened, 
in front of which is a kind of railroad — a couple 
of grooved wooden laths — on -which slides a carriage 
having on its upper surface transverse rails. On 
these latter slides a super-carriage to which the 
camera is screwed. This apparatus therefore 
ensures that the object to be copied is squarely in 
front of the camera, and the latter can be made to 
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to which it is fixed. The board to which the 
object is attached moves in vertical grooves, so 
that this completes an apparatus which has every 
required motion. 

Fig. 39 shows the stand prepared for copying a 
negative, which is inserted in a carrier, and fitted 
into a frame which, for the time being, takes the 
place of the ordinary upright board or easel. At 
the hack of this frame is a sloping board covered 
with white card to reflect the sky-light through the 
negative. The framework of laths above affords 
the means of throwing a dark cloth over the entire 
apparatus while the work is going forward. 

Figs. 40 and 41 give details of the carriage, super- 
carriage, and rails which explain themselves. 



The same apparatus can be arranged for the 
reduction of lantern slides from negatives of 
larger size. In this case the easel-board must be 
removed, and upon the rails stands a lime-light 
Jet behind a 6 -inch condenser. In front of this 
condenser is an opening in which the negative 
to be copied is placed. A camera with a recti- 
linear lens completes the arrangement. 


THE STEAM ENGINE.-~Y. 

By Archibald Sharp, B.Sc., Wh.Sc., A.M.I.C.E., 
Jmtrucior in Engineering Design at the Central Institution of 
the City and Guilds of London Institute, 

[Continued from p. 256.] 

HEAT OP FORMATION OF STEAM. 

External Worh of Evaporation , — ^We have already 
seen that 966 British Thermal Units are required to 
convert 1 lb. of water, under-atmospheric pressure 
and at a temperature of 212°, into steam at the 
same pressure and temperature. Also the volume 
of 1 lb. of water at 212° andat atmospheric pressure 
is -02 cubic feet, and the volume of 1 lb. of steam 
at the same pressure and temperature is 26-36 cubic 
feet. Consequently, the difference of volume is 
26*34 cubic feet, and the work done against the 
pressure of the atmosphere is equal to the product 
of this difference of volume, and the pressure of 
the atmosphere 14*7 lb. per sq. ini, or 14-7x 14A=: 


2116*8 lb. per sq. ft. This product is 2116*8x26*34 
=.55756 foot-lb., the thermal equivalent being 71*6 
thermal units. This is called the “ external work 
of evaporation”; its amount depends on the relation 
existing between x^tessure and volume during the 
formation of the steam. The case considered 
above — viz., constant x>ressore during formaticui — 
is the ordinary case of continuous generation of 
steam in a boiler, tlie steam being continuously 
taken awa.y from the boiler to the steam-engine. 

Internal Work of Evaporation . — The difference 
of the latent heat of evaporation (9t‘>6 thermal units) 
and the external work of evaporation (71*6 tliernuii 
units) is 894*4 thermal units, and lias been expended 
entirely in changing the molecular condition of the 
water. It is therefore called the internal work of 
evaporation, at a tempierature of and is inde- 
pendent of the method of forming the steam. 

If now dry saturated steam be formed at any 
other pressure, the latent heat of evaporation w*ill 
be different. The. internal work of evaporation and 
the external work, as well as the latent heat, will 
vary with the piressure of the steam. In Table IL, 
the latent heat of evaporation and its two compon- 
ents— internal work and external work — are given. 

Suppose 1 lb. of water to be i>laced in a closed 
vessel of a certain definite capacity, and suxixxise 
also that the air has been comxfletely exhausted 
from the vessel. Then, whatever be the temperature 
of the water, the part of the vessel not occupied by 
the water in its liquid form will be filled by water- 
vapour, the pressure in the inside of the vessel 
depending on the temperature of the water. Thus, 
if the temperature of the water be 100°, we find 
from Table 1. that the corresponding pressure in 
the closed vessel is •9421b. per sq. in. Now, let 
heat be applied to the water ; its temperature will 
rise, some of it will be evaporated at once, and the 
pressure inside the vessel will also rise. The rela- 
tion betw*een pressure and temperature during the 
process is the same as given in Table I. The process 
goes on until all the water has been evaporated ; 
the pressure and temperature, w’hen evaporation is 
completed, depending on the volume of the closed 
vessel. During this process of evaporation it is 
evident that no external work has been done, and, 
consequently, the latent heat of evapjoration in this 
case is less than when the steam is formed under a 
movable piston at constant pressure and, therefore, 
constant temperature. The latent heat of evapora- 
tion in this case is Just equal to what we have 
already 7i?ined the “ internal work of evaporation,” 
at the ternx-)erature corresponding to completion of 
evappratiop. 

. .Xntejnal, of Bise of Temper attire , — The 

;,,^^9jb|^nical ■ equivalent of the beat expended m 



raising the water from some arbitrarily chosen 
standard temperature (usually 32“ F.) to the temper- 
ature at which evaporation takes place, is called 
the internal work of rise of temperature. Table II., 
coiumn B, gives its value for the corresponding 
pressures in column 1. 


Total Heat of JEvapomtio/i is the amount of heat 
required to raise a pound of water from 32“ to a 
certain temperature, and evaporate it into steam at 
that temperature. 

Let s be the volume in cubic feet of 1 lb. of water, 
and let v be the volume in cubic feet of 1 lb. of dry 


TA‘BLE II. 

Thermal Properties of Saturated Steam. 


AhwoiniA Latent Heat of I 
PreSe Evaporation under] 
Pressure. Pressure, f 

^ , ' L, . . 1 


Internal Work of 
Rise of 
Temperature. 
h 


Total Heat of | External Work of 
Evaporation underj Evaporation undei 
Const. Pressure, t Const. Pressure. 


Th. U. 

'Ft. lb. 

Tb. U. 

Ft. lb. 

1,092 

851,000 

0 


0 

1,043 

814,000 

70 


55,000 

1,020 

800,000 

94 


74,000 

1,015 

792,000 

110 


86,000 

1,007 

786,600 

121 


95,000 

1,001 

781,000 

130 


102,000 

995 

777,000 

138 


108,000 

991 

773,000 

145 


113,000 

986 

770,000 

151 


118,000 

982 

766,000 

157 


122,000 

979 

764,000 

162 


126,000 

976 

761,000 

166 


130,000 

973 

759,000 

170 


133,000 

970 

757,000 

174 


130,000 

968 

755,000 

178 


139,000 

066 

754,000 

181 


141,000 

965 

■753,000 

182 


142,000 

963 

751,000 

185 


144,000 

961 

749,000 

188 


147,000 

959 

748,000 

191 


149,000 

957 

746,000 

194 


151,000 

055 

745,000 

197 


153,000 

946 

738,000 

209 


163,000 

939 

732,000 

219 


171,000 

933 

727,000 

228 


178,000 

927 ; 

723,000 

236 


184,000 

922 

710,000 

243 


190,000 

917 

715,000 

250 


195,000 

913 

712,000 

'256 


200,000 

909 

709,000 

,;'262 


205,000 

905 

706,000 

S' 268.' 


209,000 

901 

703,000 

273 


213,000 

898 

700,000 

278 


217,000 

895 

698,000 

282 


220,000 

892 

690,000 

286 


223,000 

SS(> ! 

693,000 

293 


226.000 

886 1 

691,000 

205 


230,000 

884 

689,000 

298 


233,000 

879 1 

085,000 

305 


238,000 

874 1 

682,000 

312 


243,000 

860 i 

678,000 

318 


248,000 

865 

675,000 

324 


253,000 

861' 

672,000 

330 


257,000 

858 

660,000 

335 


261,000 

854 

666,000 

340 


265,000 

850 

663,000 

345 


269,000 

847 

661,000 

350 


273,000 

844 

650,000 

354 


276,000 

830 

648,000 

374 


292,000 

818 

638,000 

391 


305,000 


Internal Work of 

Evaporation. 

P 

j Th. U. 

Ft. lb. 

■ 

982 

767,900 

963 

751,000 

950 

742,000 

942 

735,000 

934 

729,000 

928 

1 724,000 

923 

; 720,000 

918 

' 7i(;,ooo 

913 

’ 712,000 

909 

i 70}>,000 

900 

■ 707,000 

903 

' 704,000 

900 

! 702,000 

897 

1 700,000 

895 

1 699,000 

894 

1 698,000 

892 . 

1 696,000 

889 

' 694,000 

887 

' 692,000 

885 

' 690,000 

883 

689,000 

873 

' 681,000 

864 

674,000 

S5S 

669,000 

852 

, 064,000 

S4G 

; 660,000 

841 

I 656,000 

836 

‘ 652,000 

832 

' 649,000 

828 

i 646,000 

824 

, 643,000 

820 

’ 639,000 

.816 

i 636,000 

813 

634,000 

810 

632'000 

807 

629,000 

804 

627,000 

790 

623,000 

794 

619,000 

789 

615,000 

784 

612,000 

1 780 

609,000 

: 776 

605,000 

772 

602,000 

768 

509.000 

765 

597,000 

762 

594,000 

747 

583,000 

733 

572,000 


Total 

Internal 

Work of Evapora- 

tion from 32*. 


T 

Th. U. 

Ft. Ib. 

1,053 

821,000 

1,057 

825,000 

1,060 

827,000 

1,003 

820,000 

1,065 

831,000 

1,067 

832,000 

1,068 

833,000 

1,069 

834,000 

1,070 

885,000 

1,071 

836,000 

1,072 

836,000 

1,073 

837,000 

1,074 

838,000 

1.075 

839,000 

1,076 

839,000 


1,0SS 

j 849,000 

1,000 

850,000 

1,091 

1 851,000 

1,092 

! 852,000 

1,094 ' 

853,000 

1,096 

' 855,000 

1,097 

' 856,000 

1,098 i 

850,000 

1,099 j 

857,000 

1,100 

858,000 

1,101 i 

859,000 

1,101 1 

859,000 

1,102 j 

860,000 
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saturated steam at a pressure of / lb. per square 
mC'it or P lb. per square foot. 

Let t be the corresponding temperature in degrees F. 

„ n „ total heat of evaporation. 

” L latent heat of evaporation. 

,, p „ internal work done during evai^oration. 

„ E „ external work of evaporation. 

1 „ total internal work of evaporation. 

’’ % „ internal work of rise of temperature. 

We have then the following relations 

L = p + E. 

I — P + • 

H=L+?t = P+ EHr/l=:E+I- 
E=Pfr-6'). 

The above equations are conveniently represented 
by Professor Unwin in diagramnaatic form, thus— 
H 


. j 

' L' 

The above notation is the same as in Cotteriirs 
“ The Steam Engine.” 

hrtmial V^ork Premive. Heat The 

external w'ork 
of evaporation 
is the product 
of a pressure, p, 
and a volume, 
Conceive 
the internal 
work done dur- 
ing evaporation 
to be the pro- 
duct of the 
same volume 
and _a 
pressure, p. 
Similarly con- 
ceive the in- 
ternal work of 
rise of temper- 
ature to be the 
product of the 
same volume 
s), and a 
pressure, p'. 
Draw a dia- 
gram (Fig. 37), 
taking 0 X as 
the axis of 
volume and 0 Y 
as the axis of 
= and o A 


( 

2 1 

D 

o 

External work of 
Evaporatmi 

V 


A 

B 


Internal work of 

1 ' 


Evaporation 



a' 

D' 


Internal work of 



Pise of Temperature 



Fig. 37. 


pressure. Set of along o Y, 0 B 
Draw A c parallel to o Y and equal to P. Complete 
the rectangle A B D c ; its area represents the external 
work of evaporation. On the same base, A b, draw 


a rectangle, A B d' a^ of area equal to internal wo rk 
done during evaporation ; A A' is, by definition, = p. 
On the base a' d' draw a rectangle, a' i)' d" A'', of 
area equal to the internal work of rise of tempera- 
ture.; A' Af' is, by definition, = p'. A aMs called 
the “ total internal work pressure.” p -f p + P' is 
the pressure equivalent to the expenditure of heat 
or, more briefly, the “ heat-pressure.” 

The above diagram conveys to the mind of a be- 
ginner a much clearer idea of the relative magni- 
tude of the quantities involved than is possible by 
merely mentioning their numerical values. The 
conception is due to Cotterill. 

Fig. 37 is drawn for a pressure of 1001b. per 
square inch absolute. The line A c lies much closer 
to o Y than is shown in the figure. 

PEBPECT HEAT ENGINES. 

A heat engine is an apparatus for converting 
heat into work. This definition evidently includes 
steam engines, hot-air engines, gas engines, and oil 
engines. In these engines the combustion of the 
fuel gives a supply of heat which is converted by 
the engine into work. In this sense the “ engine ” 
includes the wdiole of the apparatus used, for 
example in the ordinary case of a steam engine the 
“heat” engine includes both boiler and engine. 
These engines have all something in common, and 


Fig. 38. 


it is convenient to study the action of an ideal heat 
engine before going into details of any particular 
one. 

CycU,~lt a fluid undergoes a series of changes 
of pressure and volume, and finally returns to its,, 
initial pressure and volume, it is said to work in a 
cycle. In Fig. 38 the initial state is represented 
by A, and the fluid, after undergoing the changes 
represented by B, c, D, returns to its initial state a. 

Carnot's Cycle or Carnot's Engine . — Suppose a 
portion of a fluid to be enclosed in a cylinder fitted 
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with a perfectly fitting piston which is also per- 
fectly frictionless. Let the initial pressure and 
volume of the flixicl be represented by A (Eig. 38); 
let the cylinder be placed on a very large hot body 
of temperature t, and suppose the cylinder walls to 
be perfect conductors of heat. If the piston be 
allowed to move outwards, the fluid will expand 
isothermally, its temperature being always i. ' Let 
the isothermal expansion go on until the state of 
the fluid is represented by b. At this stage let the 
cylinder be removed from the hot body and further 
imagine the cylinder and piston now to he perfect 
non-conductors if heat. If the piston move out 
stiU further, the expansion of the fluid takes place 
without any communication of heat, and is re- 
presented by the adiabatic B c. During this adia- 
batic expansion the temperature of the fluid has 
fallen from to being the temperature cor- 
responding to state c. Now' let the cylinder be 
placed in communication with a very large cold 
body of temperature and suppose heat to flow 
freely from this body through the cylinder avails to 
the fluid. If now the piston be driven in, the fluid 
will be compressed and the thermal communication 
being perfect, its temperature remains This 
compression is represented graphically by the 
isothermal c D, At this stage let the cylinder be 
removed from the cold body, and imagine it once 
more to become a perfect non-conductor of heat ; 
if the piston be moved in further, the compression 
is represented by the adiabatic DA, the point d 
being chosen so that the adiabatic through D passes 
also through A. The fluid has now worked through 
a complete cycle, and the above series of operations 
may be repeated indefinitely. This cycle is called 
Carnot’s cycle, and was conceived by him in 1824. 
It forms one of the few important fundamental 
conceptions of the science of thermo-dynamics. 

From the points A B c D (Fig. 38), draw' perpendi- 
culars A. a, B &:c., to the line of zero pressure, and 
let the adiabatics B c and A D be produced in- 
definitely. Then during the first stage of the cycle 
the external work done by the fluid is equal to the 
area A B and the heat absorbed is equal to the 
area a a b jS. During the second .stage of the cycle 
there is no transmission of heat to or from the 
fluid, but the external w'ork done by the fluid is 
equal to the area & B c c. During the third stage, 
the work done in compressing the fluid is the area 
cciid, wdiile the heat given up by the fluid to the 
cold body is the area 0 c D a. During the fourth 
stage there is no transmission of heat, while the 
external work done in compressing the fluid is 
d i>Aa. The diflerence of the work done hy the 
fluiil while expanding and that done on it during 
compression is therefore equal to the A B c D. Thus 


the net work done during the cycle is the 
mechanical equivalent of the difference of the heat 
taken by the fluid from the hot body, and that 
given by it to the cold body. 

The hot body and the cold body in the above 
cycle correspond to the furnace and condenser 
respectively in an actual engine. 

Reversible Cycle. — Carnot’s cycle is reversible, 
i.e,, all the operations can he performed in the 
opposite direction. In this case the path of the 
fluid would be A D c B, the work done on the fluid 
is the area adcb, and there is a transfer of 
heat from the cold body to the hot body. Such a 
cycle is the cycle of a perfect refrigerating machine, 
and forms the basis of the action of ail machines 
for the mechanical production of cold. 

As an example of a non-reversible cycle, let the 
fluid be kept at constant volume, and when its 
temperature is 
let it be placed 
in thermal com- 
munication with 
the cold body ; 
its temperature 
wall fall to U, 
and the corre- 
sponding part of 
the diagram is 
BC(Fig. 39). It 
is plainly evident 
that this part of the cycle is not reversible — i.e., by 
simply keeping the fluid at constant volume and in 
contact with a cold body of temperature its 
temperatui'e cannot by any means rise to 

The Conditions for a> Reversible Cycle are then 
that the fluid when receiving heat or giving up 
heat should be of exactly the same temperature as 
the hot body or the cold body with which it is in 
thermal communication. An engine in which the 
cycle is reversible will be a “ perfect heat engine.” 

Rfieiency . — If H is the amount of heat supplied 
to the fluid from the hot body, and w the work 

w 

done, both measured in foot-pounds, the fraction -- 



Pig. 39. 


is called the efficiency of the engine. 

Carnots Principle.— "Ko engine or collection of 
apparatus of whatever construction can have an 
efficiency greater than an ideal Carnot engine 
working between the same temperature. 

Second Lam of Thermodynamics . — In the example 
given above of anon-reversible cycle, we mentioned 
that heat would not flow from the cold body 
into the fluid at a higher temperature. This is a 
matter of every-day experience, and is of such 
fundamental importance in thermodynamics as to 
be regarded as a “law.” Clausin’s statement ol 


I 
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this second law is, » Heat cannot pass from a cold 
body to a hot one by a purely self-acting process.” 
Thomson (now Lord Kelvin) states the law thus : 

It is impossible by means of inanimate material 
a<^ency to derive mechanical effect from any 
portion of matter by cooling it below the tempera- 
ture of the coldest of surrounding bodies.” 

Thomson’s Absolute Seale of T&niTerature.-AM ^ 
have already given a definition of temperature 
depending on the rate of expansion of some sub- 
stance chosen, and which therefore depends on the 
physical properties of the substance. We are now 
in a position to understand the conception of an 
absolute scale of temperature quite independent of 
the properties of any particular substance. Let 
ah G (Fig. 40) be an isothermal of the fluid used in 




Carnot’s engine, and let the quantities of heat 
absorbed during the expansions a h and & n be 
equal. Through a, h, o draw adiabatics aa,b^,oy. 
Let ai hi h^c .2 be other isothermals intersecting 
the adiabatics. Then the areas aab ^ and ^hcy 
are equal, and also the areas a j8 and jS hi Ci y. 
Therefore the areas ah ai and hecih^ are equal. 
That is, the areas between the adiabatics corre- 
sponding to equal additions of heat cut off by any 
pair of isothermals are equal. Now if the iso- 
thermals ahc, hi h^ are taken so that the 
areas ahhia^ and a-^ hi h .^ are equal, the absolute 
scale of temperature is so graduated that the 
differences of temperatures t—ti and ^2 are 
equal. Let x be the number of foot-pounds 
in the area ah hi <?j, then the quantity of heat ab- 
sorbed during expansion a 5 , that is, the area aah 0 
will be equal to x, — L. foot - pounds. Similarly 

t~~~ti 

if the fluid expand from to hi the heat absorbed 
is equal to-^A- foot-pounds. The scale of absolute 


temperature, as defined above, does not differ very 
much from that of the air thermometer. 

Mffieiemy of Perfeet Ifeat’ Pn0im.—ln the above 
diagram let % graphic representation 

of a Carnot cycle, "xhe work done = foot-pounds, 

and the heat absorbed consequently the 

efficiency 


" This efficiency depends only on the temperatures 
between which the fluid works, and is quite inde- 
pendent of the nature of the fluid used. 

Mitropy.— In Fig. 40 let a series of isothermals 
differing by unit temperature be drawn, and let the 
states a, h, e, d correspond to equal iiicrenients of 
heat. While the fluid expands along any isothermal,, 
one of its imoperties— viz., its, temperature— is 
constant. Similarly we may regard an adiabatic 
curve as the graphic representation of the fact of 
some other property of the fluid remaining constant 
during expansion along that curve. This property 
we call “ entropy,” and the adiabatics are some- 
times called isentropic curves or isentropics. J ust 
as each isothermal may have a- number affixed 
indicating the corresponding temperature, the 
isentropics may each have a number affixed indi- 
cating the numerical value of the entropy. Just 
as the state of the fluid when at zero temperature 
lies outside the range of experimental knowledge, 
so does its state of absolute zero entropy. However, 
as it is differences of entropies rather than their 
absolute values with which ve are concerned in 
thermodynamics, we may take the line aai <z.j ... ct 



as the line of an arbitrary zero entropy. The isen- 
tropics ... iS, c ... 7 5, will correspond to 

states of the fluid wflth the entropies in the ratio 
1:2:3, 

, Let us consider more closely the physical 
meaning of “ entropy ” as thus defined. Take any 
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point, say in the zero isentropic ... a to repre- freedom, as should also that of the hour wheel and 


sfent the initial state of the fluid, and let it expand 
isothermaily to the state <^2 on any Isentropic 
d ... d. Suppose now that the isentropics 
s ... y, d ,..d are at such a distance apart that each 
little parallelogram such as corresponds 

to one unit of heat. The quantity of heat absorbed 
during isothermal expansion from to is then 
Stg, Similarly the heat absorbed in the isothermal 
expansion % <^3 is 32 / 3 . Thus in isothermal expansion 
from any point on isentropic 0 to isentropic 3, 
H =: 3 1 ; H being the heat absorbed and t the 
temperature at which it was absorbed. The number 
3 expresses the value of the entropy for the curve 
d . . . 5. ’ Generally, the heat absorbed in isothermal 
expansion from zero isentropic = entropy of the 
■final state X temperature at which the heat is 

absorbed, or H = E i.e., e = jf being measured 
from absolute zero. 

In Tig. 41 let tbe closed curve be the diagram of 
a reversible cycle. Let Ui h h f’wo iseii- 
tropics very close together, then considering the 
expansion bi as equivalent to being 

an isothermal, and similarly the compression K 
as equivalent to easily seen that the 

gain of entropy during the exxDansion ?)i is equal 
to the loss of entropy during the compression Sg 
Dividing up the whole area of the closed curve by 
isentropics we see therefore that in a complete 
reversible cycle there is no gain or loss of entropy. 


WATCH AND CLOCK MAKING.— V. 

By David Glasgow, 

Vice-President of the British Horological Institute. 

[Continued from p. 228.] 

GHRONOMETER AND WATCH MAKING (continued). 

Motio% Worlt . — The finisher is now supplied with 
the motion wheels, and when the centre wheel is 
planted, a proper depth can be made with the 
cannon pinion and the minute wheel. The stop- 
ping for the centre wheel is left projecting and 
should be turned in the mandrel into a pii)e ; the 
pivot should project well through the hole, and 
the cannon pinion, having a greater number of 
leaves than the minute wheel pinion, will be large 
enough to have a square sink turned out of its face, 
to free the pipe left projecting. This is the 
finisher’s work, and can only be wmll done at this 
stage, as leaving it for the examiner to do after the 
pinion is polished and the frame gilt is doing the 
work twfice over and doing it badly. 

The minute wheel depth with tbe cannon pinion 
slfould be as deep as is consistent with perfect 


minute wheel pinion, in order to prevent the hour 
hand from having too much shake. 

As there is seldom height enough for the minute 
wheel stud to have a shoulder — which it should 
have where practicable — the plate should not be 
turned, but a small boss be left on the bottom of 
the wheel to prevent all of it from touching the 
plate. 

The hour wheel should be broached to the re- 
quired size, and the cannon pinion fitted to it 
before the wheel is got true on the sides and 
finished, as, if the wheel is opened to fit the pinion, 
it fits badly and it is scarcely possible to keep it 
true. The body of the cannon pinion should not be 
left large. The minute wheel stud and pinion, and 
the boss of the hour wheel should be freed from 
the dial before they are finished, for nothing could 
be worse than the prevailing practice of thinning 
and finishing the motion wheels before they are let 
into their places, and leaving the freeing and fitting 
to be done afterwards. 

When the third and fourth wheels have been 
pivoted, before sending the frame to be jewelled, a 
circle the size of the balance should be marked on 
the top plate as a guide to the jeweller, as in case 
the balance comes near the fourth hole, the jewel- 
ling must be kept small ; otherwise, in turning the 
edge of the plate to free the balance, the setting 
will be cut into. It is sometimes better to pivot 
the fourth pinion a good way into the plate, and 
obtain freedom for the balance by running it under 
the jewel hole. All this is of course avoided in a 
movement of a correct caliber, or in a half-plate 
movement where the fourth wheel is run in a cock 
tinder the balance, this arrangement securing the 
advantage of permitting the fourth wheel being 
planted so that a larger seconds piece could be got 
in the dial. Since, in this case the hole in the cock 
is directly under the balance, it should have an 
endstone to prevent particles or small hairs that 
may be attracted by the oil in the hole from coming 
in contact with the balance : when the endstone is 
nsed, the pivot should be conical, and may there- 
fore be made smaller ; but I see no reason why 
this hole should not always have an endstone where 
there is room for it. 

There is seldom as much care taken in 
hardening and tempering them as there should be ; 
the screws are made too hot before hardening, and 
a scale brought on the steel that is not always re- 
moved before blueing them : in the case of jewel 
screws, the scale thus left on them is frequently 
fatal to the taps in the holes. The large screws 
should be hardened in a small copper box, or in 
anything that is not large and heavy and will not 
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prevent them from cooling quickly, and that will 
exclude the air. If they are hardened at the right 
temperature, there will be no scale on them and no 
necessity for polishing the taps : the temper should 
be drawn in oil. The jewel screws are too small 
for this treatment : if a piece of brass wire is 
hammered flat and left the thickness of the length 
of the screw taps, and a number of holes be drilled 
and tapped in it as close together as the heads of 
the screws will permit, half a dozen of them can be 
screwed into the wire and hardened at the same 
time, and afterwards tempered by blazing in oil 
before removing them from the wire ; and, if the 
threads have been covered during the process of 
hardening, they will be quite free from scale and 
the screws be ready for polishing. If any scale is 
left on the large screws it should be removed by 
gripping the screw head in the Swiss screw tool, 
and running a thin screw-head-slitting file through 
the bottom of the thread. A very good way of 
polishing the taps of screws for best work is to 
split a piece of wood, making it into claws, charge 
the slit with red stuff, and by placing the screw in 
it and pressing it together, the screw can be 
polished very quickly by working it backwards and 
forwards with a screw-driver. 

Siigfje^mis as to Finishing , — I think at this stage 
the finisher’s work should be completed, and that 
making and planting the stud and index, springing 
and examining, and whatever else remains to be 
done to the watch, should constitute a separate 
branch of watchmaking. 

If the wheels were run in and finished, the barrel 
and fusee work completed, and the stop work and 
maintaining-power spring and detent done cor- 
rectly at once, they would not require to be done 
over again ; and if the motion work were planted 
and finished and free of the dial, there would be 
little of the ordinary examining to do, so that 
fitting the watch in the case, fitting the hands, the 
stud and index work, and springing and examining, 
would form an important branch of watchmaking. 
The practice and experience gained would enable 
the workman to do the work very much better than 
it has been done under the system hitherto prac- 
tised, and to do it quicker and consequently cheaper. 
The watch could be sprung and examined before it 
was gilt, and the index, stud, etc., finished while 
the engraving and gilding were being done. There 
is an obvious advantage in examining the watch 
before it is gilt, as gilding has the effect of cover- 
ing many defects of workmanship, and the greatest 
advantage this system would have over the usual 
one would be that of having one person responsible 
for the correctness of the work throughout. 

• j^PF^y^'^g the Balance SpTbig , — The size of the 


spring is the first consideration, and this slioiild 
not be left to accident ; it should depend on the 
length required, which depends in its turn on the 
closeness of the coils of ihe spring. As a general 
rule, half the diameter of the balance is a good 
size for the spring, but if the coils are very close, it 
should be a little less. 

If the diameter is marked on the projecting ear 
of the balance cock that carries the stud, and a 
notch is cut in it for the spur of the stud, three- 
fourths of it outside the mark, the spur may be 
fitted. It should be carefully fitted, without shake, 
and exactly opposite the balance hole: if it is 
either too far back or too far forward, the hole for 
the spring will stand at an angle across it. The 
stud may be fixed with either a conical or square- 
headed screw, and it should be cut away to allow 
of its removal from the cock without taking the 
screw out, and the screw should be left long 
enough to permit of this being done easily. 

When the stud is screwed into its place, and the 
end of the spur freed from the arms of the balance, 
the circle fixing the size of the spring can be 
marked on it. If the spring collet has been made 
by the escapement-maker, as it sliould be, a pivot 
broach can be put into the hole in it for the spring, 
and the broach, lying parallel to the balance cock, 
will indicate the height on the spur where the hole 
must be drilled ; the hole should be drilled with a 
small drill. As the Spring is not circular but 
spiral, the holes for the curb pins must be drilled 
inside the circle drawm for the hole in the stud, 
but how much, depends on the closeness of the 
coils of the spring, since the farther apart the coils 
are the more the spirals diverge from the circle, 
and care should be taken not to place the curb pins 
too far out, which is often the case, and is a much 
worse fault than having them too near the centre. 

When the hole in the stud is drilled and broached 
tangential to the spring, if the depthing tool is 
adjusted so that the point of the centre will mark 
the inside edge of the hole, and a mark is made on 
the index at the same distance, the curb pins can 
be drilled on each side of this mark. 

A surer way than this, although giving* a little 
more trouble at first, is to pin a spring in the stud, 
first moving the spring through the stud hole until 
the proper size of the spring is indicated by its 
centre coming over the balance hole ; it will be 
seen if the stud hole is in the right direction, and 
if not, it can be broached until it is so at this stage 
with perfect accuracy. 

When the eye of the spring is concentric with 
the balance hole, if the index is placed in the 
middle of the balance cock, a mark can be mailc 
with a very fine point on each side of the outer 
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coil of the spring for the index pins. These should 
l>e very small, especially the inside one, and, if the 
spring has close coils, a portion of its thickness 
should be filed away, to free the second coil of the 
spring ; bending the spring for this purpose should 
not be resorted to if it can be avoided. The pins 
should be close together, allowing the spring 
freedom, but as little play as possible, and only 
Just free of the balance arms to prevent the second 
coil of the spring from getting between them. 

The horn of the index should be at such angle 
that, when the index is pushed over to “ slow,” it 
will come close to the stud, as the shorter the 
spring is between the stud and the index pins, the 
better the watch will go. If the spring is to be a 
Breguet, the overcoil will be a segment of a circle, 
and the pin holes can be marked for with certainty. 
As the spring occupies only half the hole in the 
stud, three-fourths of the hole should be outside 
the point of the depthing tool when it is adjusted 
to mark the place the spring will occupy on the 
index, and the holes can he drilled on each side of 
the mark. 

It has become the custom of the Swiss to put 
Breguet springs to watches that are quite unworthy 
of them, where no adjustment of any kind is 
attempted, and the studs and indexes are so badly 
fitted that these watches must give the worst re- 
sults to the wearers of them and the greatest 
trouble to the watch jobbers : the studs are made, 
for the most part, in the shape used in the best 
English watches. Now if Breguet springs are to be 
applied to these watches in this cheap and slovenly 
manner, the old-fashioned Swiss stud (Fig. 7), that 



Pig, 7 .— Old-fashioned Swiss Stud. 

slipped into a notch in the cock, with a head on it, 
and was kept in its place by a small cap fixed with 
two screws to the cock, would he a great improve- 
ment on the imitation English one. Indeed, this 
stud is a very good one, as, when the watch is set 
going, the play of the spring between the index 
pins fixes the position of the stud, when all that is 
necessary is to tighten the screws, and the spring 
will be in the middle of the index pins. 

WATCH EXAMINING. 

Watch Exam.mmg.—'W^tQh examining has been 
a growing branch of watch manufacturing ; with a 
better system a change should be brought about in 
this department. If the watch to be examined has 
a dome case, the examiner has nothing more to do 
Sj’ith that, as the fitting is complete. But most 
English watches have the double bottom case, and 


are fixed in with a bolt and joint, the holt and joint, 
with the motion work, having been made by the 
motion maker, and the holt polished, etc., by tlie 
finisher. As the finisher has probably had no oppor- 
tunity of trying the movement in the case, the bolt 
may not shut in properly, or it may he easily released : 
it must therefore be seen to, and the joint should 
be broached out with the hizzle on, and a pin fitted 
tightly enough to keep the bizzle and movement 
from dropping back if either or both are raised 
from the case. The pillar plate should he laid on a 
piece of plate-glass or other flat surface, to ascer- 
tain if it has been bent in the gilding ; if it has, 
it must he got fiat, otherwise the pillars will not be 
upright, and will stick in the holes in the top 
plate. If the shakes are found to be excessive, 
this may be due to the gilding having thrown up an 
edge on the pillars, which prevents the top plate 
from going down to its proper bearings. In all the 
best work the finisher fits the cannon pinion to the 
hour wheel, but this is not the general practice, 
which is to just let the hour wheel on to the 
extreme end of the pinion, and not to open the 
pinion to the set-hand piece, leaving the fitting of 
these pieces to the examiner. The set-hand piece 
should he reduced until it fits the centre pinion 
easily ; and before the cannon pinion is let on to its 
place, it should have the square sink turned out to 
free the centre wheel stopping, when it should be 
broached to fit the set-hand piece tightly when in 
its place. 

Fitting the Hands.— If the body of the cannon 
pinion will not bear turning in fitting it to the 
hour wheel, the hour wlieel should he opened in 
the mandrel, as it cannot be kept true by opening 
the hole in the fingers. Fitting the hands to a 
watch deserves more care and attention than are 
generally given to it. In fitting the hands, the 
examiner should fit the glass, if to a hunting case, 
as high as the case will admit, ascertain the space 
available by placing a piece of bees-wax on the 
dial and pressing the glass down on it, and turn 
the cannon pinion until it projects from the dial 
the height of the bees-wax ; the hour wheel pipe 
should rise jiast perceptibly above the dial, and the 
end-shake of the hour hand be adjusted by the pipe 
of the minute hand and that of the hour wheel. 

If done in this way, the end-shake of the centre 
wheel will not affect that of the hour hand, which 
will be always the same, and may he very little, 
and the minute hand will have a sufficiently long 
and secure fitting ; the hour wheel pipe is always 
long enough to make the fitting of the hour hand 
perfectly safe, except where a very thin gold 
dial is used. The haphazard method of fitting 
the hands without measuring the room in the case 
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is a very bad one ; they are generally fitted too low, 
and, with a badly fitting hour wheel, are constantly 
catching, and so stopping the watch. 

As with the hour wheel, the pinion should also 
be fitted to the minute hand, and not the hand 
opened to fit the pinion ; when the hand is fitted, a 
little red stuff can be placed on the ball, and the 
pinion lowered until the red stuff is quite free of 
the glass, when the end-shake of the centre wheel 
is pushed towards it ; the ball of the hands and 
the ends of the pinion and set-hand piece are then 
ready for polishing : this part of the work is usually 
well done. 

Attaching the The pin holes in the dial 

feet should be drilled with a very small drill, in 
such a direction that the pins will not come in the 
way of anything, and will be easily got at ; they 
should not be drilled below the surface of the plate, 
but broached until the pin touches it. If the hole 
should be a little below the surface, it is better to 
lengthen the copper foot by squeezing it with a pair 
of blunt nippers until it is above the plate than to 
leave it in such a position that no pin can stop in. 

General JRsi'hmi . — The mainspring should be 
removed from the barrel and the barrel freed on its 
arbor, if it requires a little end-shake, as it usually 
does. The freedom should be taken from which- 
ever side of the barrel is nearest the frame— if 
the barrel should be nearer the top than the pillar 
plate, the boss of the cover should be thinned to 
get the inside freedom, and vice versa ; the main- 
spring can then be put in and adjusted. With the 
adjusting rod on the fusee square, any fault in the 
action of the stop work will be seen, and it will also 
be seen Tvhether or not the chain leads properly on 
to the fusee. The spring should be set up two or 
three teeth beyond where it makes an adjustment, 
as it will give a little, and the set-up be marked on 
the plate and barrel arbor by a couple of small 
dots. When the fusee is taken out of the frame, 
the adjusting rod should be put on the square, and 
held horizontally with the great wheel in the left 
hand : if the weight of the rod, which is a measure 
olE the strength of the mainspring, draws the main- 
taining spring to the end of the notch cut in the 
great wheel, the maintaining spring will be weak 
enough, but if not, it must be weakened until it 
does so. The maintaining power and great wheels 
must not be pinned on too tightly to the fusee, 
for if this be so, or if the maintaining spring be too 
strong, the maintaining power will not act ; and 
the examiner should see to this when adjusting the 
fusee, and also see that the stop acts properly. The 
holes for the set-hand and winding squares must 
be made in the case, or, if they have been drilled, 
opened to the required size, and the squares reduced 


to the proper length. The square should be short- 
ened gradually, until a little red stuff on its end ' 
does not touch the bottom of the case (the set-hand 
square may be a little lower), and should be polished 
either in an English or Swiss screw-head tool ; the 
latter is more convenient for this purpose, especi- 
ally for the set-hand square; the end should be 
just a little rounded and the narrow corners be 
taken off with a very old and smooth pivot file. 

The wheels should be put into the frame 
separately and the end and side shakes of each 
noted; the depths of the great vrheeland centre 
pinion, and centre x>imon and tliird wheel, can 
be seen without putting on the top ifiate ; the 
fourth and escape depths must be tried with the 
frame together, as they are more important 
and less easily seen, and, if doubts be enter- 
tained as to their correctness, they should 
be put in the dei^thing tool and examined. In 
going barrel watches, the examiner has less work : 
he should .see that the spring is properly free in the 
barrel, and of a proper length, and not set up so far 
that it is in danger or pulling the hook away every 
time it is wound up ; the set-square must be kept 
quite free of the bottom, and it should be fitted 
very well to the centre pinion, but loose, and, before 
putting the watch together, a slight dent should be 
made in the stem with a sharp-pointed punch ; this 
will give it a kind of spring tightness in the pinion 
which will permit of the hands being easily set, 
and at the same time keep the minute hand suffi- 
ciently rigid. 

If the stem is fitted tightly, by polishing, into the 
pinion to keep the minute hand from being too 
easily moved, there will be a great danger of it 
sticking fast : it should always have a little oil xmt 
to it to prevent what is termed firing. It will save 
a little labour, and be a good deal better in prin- 
ciple, to revert to the old plan of a solid centre 
pinion for keyless watches ; by sna];>xfing or 
springing the cannon pinion on the solid arbor, 
setting the hands is much more easily accom- 
plished, and there is another advantage in having 
the centre pinion s pivots smaller and stronger. 


DRAWING FOR ENGINEERS. --V. 

[Continued from 230 .] 

PENCIL DRAWINGS (continued). 

Example 13. — Figs. 42 and 43 a, h. Section and 
side elevation of a Stop Valve. Draw- half full size. 

Example 14. — Cranh-Shaft for Triple Exjmmlon 
Marine Engine . — Draw the longitudinal and end 
elevations to a scale of 1 inch to a foot, and the 
details of the couplings full size. 
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This is an example of a “ bnilt up ” crank shaft in 
’'which the component parts are of comparatively 
simple form, as distinguished from a “ three-throw ” 
crank shaft forged all in one piece. The shaft is in 
six lengths, there are three crank pins exactly similar, 
and there are six crank cheeks, all alike in general 
outline. The crank cheeks are fixed to the shaft by 
round pins driven into holes drilled partly in the 
shaft and partly in the crank cheeks. Fig. 45 shows 
in detail the coupling. The bolts are tapered and 
have no heads, the holes for them are “ rymered ” 
out while the two lengths of shaft are held 
temporarily in their proper relative position. Fig. 
44 shows the coupling of the crank shaft in end 
elevation. No special fastening is required for the 
crank pins, the crank cheeks being slightly shrunk 
on them. It will be noticed that in one or two 
pfiaces a small part of the drawing is shown in 
section, the rest in elevation ; the section and 
elevation being separated by a wavy line. This 
may be done wherever found necessary for making 
the method of construction clear. 

COLOUEIXG DEAWIXGS. 

The following are the colours used in engineers’ 


drawings : — 

Material. Colour. 

Cast Iron Payne’s grey or neutral tint. 

Wrought Iron ... Prussian blue. 

Mild Steel f Prussian blue, I ciimson lake. 

Cast Steel § Payne's grey, ^ crimson lake. 

Brass Gamboge with a very little crimson lake. 

Copper Crimson lake. 


■For the materials mentioned above the colours 
opposite are almost * universally used. For other 
materials the draughtsman has more choice. The 
following table may serve as a guide : — 


Material. Colour. 

Brick'ivork Crimson lake, or gamboge and burnt 

sienna. 

Wood Burnt sienna or burnt umber. A little 

sepia may be added to these colours. 
The graining of the wood may be a little 
darker than the general wassb. 

Leather Sejua. 

Stonework Light Indian ink with a little crimson 

lake. 


In inked-in drawings the parts cut by section 
planes get a wash of colour corresponding to the 
material. 

The colour put on sections should be fairly dark. 
A little strip at the top and left-hand sides of every 
surface should be left uncoloured, as in Fig. 46. 
Were this not done, a black line with dark colour 
on each side of it would not show up distinctly. 

In 'working drawings it is not usual to colour 
anything but the p)art in section. Occasionally, 
Sowever, a very light wa.sh of the body colour is 


given to parts in plan or elevation. This light 
wash should be just sufficient to tint the part to 
which it is applied, and distinguish it from the rest 



Fig. 4t^ 


of the white paper. Most beginners err by making 
such light washes far too dark. 

In highly shaded and finished drawings the 
preceding practice is reversed ; the parts in section 
get a light wash of the body colour, and are hatched 
over with Indian ink lines inclined 45^^ ; while the 
parts in plan or elevation, after being shaded with 
Indian ink, receive a dark wash of the body colour. 

Before attempting to colour any drawing, the 
student should practise laying a uniform flat -wash 
of any colour on the paper. Take for the first 
attempt a rectangle 3" x J", with its long side- 
parallel to the left-hand edge of the drawing-board. 
The further edge of the hoard should be raised a 
little higher than the nearer edge, so that the paper 
slopes slightly. The brush should be thoroughly 
moistened with the colour, but should not contain 
so much that it drops from the brush. Begin at 
the top of the rectangle, and cover its whole width 
for a distance downward of, say, half an inch ; then 
do another half-inch of the length of the rectangle, 
and so on until the whole surface is covered. 
Above all, avoid giving a narrow strip of colour 
along the long edge, because by the time the 
bottom of the rectangle is reached the colour put 
on near the top will be dry, and as the brush has to 
go back to the top to complete the width of the 
rectangle, the part of the paper over which the 
brush has passed twice will be darker than therest- 
In fact, no partially dried coloured jpart of the 
paper must l>e passed over again hj the moist hrushy 
but any part of the paper having once been moist- 
ened must be kept thoroughly moist until the 
colouring of that part of the paper is completed. 
If this rule be strictly attended to, with practice a 
perfectly uniform tint can be given to the paper. 
The width of the rectangle should be gradually 
increased for the succeeding trials until a square of 
three-inch side can be satisfactorily done. Then the 
space between two concentric circles of 3" and 2'^ 
diameter respectively may be coloured, taking care 
to leave the narrow strip at top and left-hand sides 
uncoloured. In this exercise, begin near the top, 
work a little towards the left, then to the right, 
come back again to the left, then to the right 
again, and so on, never working at one part long 
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In Fig. 49 tiie surfaces e and / are both in 
shadow. When two surfaces are in sinulow, thaf 
on the- nearer surface appears to be mure intense 


enough to let the colour in another part unfinished 
have time enough to dry. 

Lastly, the colouring of the pattern, Fig. 47, 
maybe attempted. This is rather difficult, 
and will probably require some considerable 
practice. 

&liadjm(j,—'KTL outline drawing conveys to 
the beginner only an imperfect idea of the 
object represented. By the judicious shading 

of some of the surfaces a drawing is rendered - 

much more legible. For example, the plan 
and elevation of a horizontal cylinder are 
both rectangles. The plan and elevation of a 
square prism lying with one face on the 
ground are also rectangles. So if we were 
given such a plan and elevation, we 
would be unable to tell what was 
represented without the aid of a -f 
third end elevation. By shading / 
the surface to represent the distribu- 
tion of light on it, the form of the 
object is more easily conceived. 

Let us suppose that the rays of light are parallel, 
and that the plan and elevation of a ray are each 
inclined 45^ to the ground-line. In Fig. 48 the 
surfaces a, I, c receive an equal amount of light 
and radiate an equal amount per unit of surface. 
But the amount of light that reaches a spectator’s 
eye from any object depends not only on the light 
emitted or reflected, but also on the distance from 
the spectator. The quantity of light reaching the 
eye is inversely proportional to the square of the 


than that on the more remote. This proposition 
will be assented to if we consider two similar 
bodies one near the spectator and the other 
further away. On the near object light and shade 
are easily disth ^uished, but on the farther object 




the difference is not so marked ; that is, the lights 
are less intense and so are the shadows. 

Therefore in the elevation the surface d should 
be shaded with a darker wash than the surface 

Again, in Fig. 50, d, c, d are four surfaces, all 
practically equidistant from the spectator. The 
rays of light fall most directly on the surface less 

directly on the surfaces c, and d. The illumina- 
tion of the surface is proportional to the cosine of 
the angle B between the ray of light and a line 
drawn at right angles to the surface. Therefore, 
in the elevation aJ will be lightest, c% and 
darker in the order named. 


distance. Hence in the elevation the surface d 
will appear to be lightest, V a little darker, and a! 
a little darker stiU. 
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INTERIOR OF A BLEACHING HOUSE (SHOWING MATHER’S PATENT KIERS). 

[Messrs. Edmund Potter & Co., Dinting Yale, Glossop.] 
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able to make two parallel determinations, and a 
third if necessary. The weight is first rapidly 
taken, under ordinary circumstances, on a -fine 
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By Pkop, J. J. Hummel, F.C.S. 

Professor and Director of the Dyeing Department of the Yorkshire 
College^ Leeds. 

[Continued from p. 234.] 

SILK (continued). 

41. Sllh Cmditionlmj . — If raw silk be kept in a 
humid atmosphere it is capable of absorbing 30 per 
cent, of its weight of moisture without this being 
at ail perceptible. This circumstance, coupled with 
the high price of raw silk, makes it of very great 
importance to those who trade with it to know 
exactly what weight of normal silk there is in any 
given lot which may be the subject of commercial 
dealing^;. To ascertain this information there have 
been established in about thirty-seven centres of 
the silk industry so-called eonditionmg establish- 
ments, 6.(f., in Lyons, Crefeld, Zurich, Bale, Turin, 
Milan, Vienna, Paris, London, etc. etc. 

Fig. 16 shows the external appearance of the 
essential apparatus of such an establishment, 
namely, the desiccator. It consists of an enamelled 
cylindrical hot-air chamber. One arm of a fine 
balance sustains a crown of hooks, to which are 
attached the skeins of silk to be dried. The 
suspending wire passes through a small opening in 
the cover of the cylinder. The other arm of the 
balance carries the ordinary pan for weights. 

Fig. 17 gives a vertical section of the chamber. 
Hot air at IKP C. enters by the tube A from a 
stove situated in a cellar below, passes into the 
space B, and thence by thirty- two vertical tubes, 
placed between the tw’o concentric cylinders o and 
D, it enters the upper portion of the inner cylinder 
D. The hot air descends, dries the silk, and escapes 
by the tubes E, which communicate with the exit 
flue. The apparatus is provided with a valve V, 
actuated by the lever K (Fig. 16) for regulating or 
shutting ofi the current of hot air. 

The air which passes outside the brickwork of 
the stove, and is thus heated only to a moderate 
degree, passes upwards between the cylinders c 
and B into the space r ; by means of the button L, 
which actuates a slide-valve, its entrance into the 
central chamber can be regulated. By means, 
therefore, of the lever K and the button L, the 
supply of hot and cold or moderately warm air into 
the central chamber can be regulated to a nicety, 
and the temperature of the mixture is ascertained 
by the thermometer T. The button s actuates the 
valve M, which cuts oS communication with the 
exit flue and stops the current of air during a final 
weighing operation. 

^ Several hanks of silk are taken from the hale to 
be tested and divided into three lots, in order to be 




-Conditioning Appabatus 


balance ; the hanks are then suspended in the desic- 
cator and counterpoised, and the hot air current 
is allowed to circulate till there is no further loss 
of weight. One operation may last from half 
to three-quarters of an hour. 

The average loss of weight usually met with is 
about 12 per cent. Absolutely dry silk is not 
reckoned as the standard article, but such as con- 
tains about 90 per cent, dry silk and 10 per cent. 
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The percentage coiQposition of pure Fil}rotji has 
been variouslj stated. Craiiier gives the formula^ 

iSfenci?£.---That portion of silk which is soluble in 
warm water can be preciintated from its solution 
by lead acetate. By submitting this xn-ecipitate to 
a somewhat tedious series of chemical operations 
it is possible to obtain the essential constituent of 
the external envelox^e of the silk fibre as a colour- 
less, odourless, tasteless x^owder. It swells up in 
cold and dissolves in hot water. A 6 per cent, 
solution gelatinises on cooling, and its solutions are 
precipitated by alcohol, tannic acid, and metallic 
salt solutions. Altogether, its physical and chemical 
properties are very similar to those of ordinary 
glue ; hence Berictn is often called silli glue, some- 
times, but more improperly, silk gim. Its chemical 
composition is represented by the formula 

It is distinct from ordinary glue, however, 
according to some observers, since when boiled 
with dilute mineral acids it yields other products. 

If the formulm given for fibroin and sericiii be 
compared, a relationship is apparent which may be 
expressed by the following equation : 

Ci,,Hs,NA + 0 + H-jO = A 

Fibroin, Sericm. 

This comi>arison has been regarded by some as 
an indication that originally— he., at the moment of 
secretion, the silk fibre probably consists of fibroin 
alone, which, by the action of the air and moisture, 
rapidly becomes altered superficially into sericin. 
This view is supported by the observation that if 
moist fibroin be left exj^osed to the air for a 
lengthened period it becomes partially soluble in 
water. Bolley and Eosa have found also that the 
silk-bags taken from living worms are composed 
almost entirely of fibroin, since only 1*7 per cent, 
is soluble in boiling water, and the elementary 
analysis is consistent with the formula of fibroin. 

Another view, supported by microscopic examin- 
ation, is that already in the siik-bag both fibroin 
and sericin are present, the former being enclosed 
by the latter. 


moisture. The legal weight is really obtained by 
adding 11 per cent, to the dry weight. 

48. Chemcal Comj}Osition.~T]x% silk fibre is com- 
posed essentially of two distinct parts : first, that 
constituting the central portion of t\\Q fibre, fibroin, 
and secondly, a coating, or emelo^^e, seriein, con- 




Fig. 17.— Section of Conditioning Chamber, 

sisting apparently of a mi.xture of substances mostly 
removable by hot water and soap. 

Fibroin , — In order to determine the character 
and amount of these several substances, Mulder 
submitted raw Italian silk to the successive action 
of boiling water, alcohol, ether, and hot acetic acid, 
and in this way obtained in a comparatively pure 
state the central silk substance, to which he assigned 
the name Fibroin. The following numbers give the 
results of his analysis : — 

Yellow ‘White 

Italian silk. Levant silk. 

Silk fibre (fibro'in) . . , 53-35 54*05 

Matters soluble in water . . 28*80 28*10 

„ „ alcohol . 1*48 1*30 

„ „ ether . . 0*01 0*05 

„ „ acetic acid . 16*30 16*50 

lOoW 100*00 

Fibroin is known to be somewhat soluble in 
strong acetic acid ; hence it is probable that what 
Mulder found to be soluble in acetic acid was 
altered fibroin, and that the percentage of this 
latter substance in silk which he gives is too lotv. 

The usual loss in practice during the operation of 
‘‘boiling-off” is 25 to 30 per cent., thus leaving 
70 to 76 per cent, fibroin. 


Infiueme of Reagents on Silk 

49. Actlo7h of Water . — Prolonged boiling with 
water removes from raw silk its silk glue. If 
heated in a sealed tube with water to a high tem- 
perature, the silk is decomposed and entirely dis- 
solves, 

50. Action of Acids . — Speaking generally, concen- 
trated mineral acids rapidly destroy silk, but if 
sufficiently diluted their action is insensible. Warm 
dilute acids, however, dissolve the sericin of raw" 
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I silk, and hence these may be used in ungumming 

(sK)upling). Concentrated mljjlmrw acid dissolves 
silk, giving a viscous brown liquid. ^ ^ ^ 

; Concentrated nitric ac i d also rapidly destroys 

{ silk, but if diluted, the fibre is only slightly 

attacked and coloured yellow, in consequence of 
the formation of xanthoproteic acid. This reaction 
is made use of in distinguishing silk from veget- 
able fibres. Formerly it was even utilised in silk 
printing. 

Hydrochloric acid, if applied in the gaseous state, 
destroys the fibre without liquefying it, but a con- 
centrated aqueous solution readily dissolves it. 

Sidjylmwus acid is used in bleaching silk. 

Hot dilute organic adds remove the sericin from 
raw silk, but do not materially affect the fibroin. 

51. Action of AlliaUs. — Concentrated solutions 
of caustic soda mA potash rapidly dissolve raw silk, 

, especially if applied warm. 

Caustic alkalis, sufficiently diluted so as not to 
act appreciably upon the fibroin, will dissolve off 
the sericin, and have been tried as ungumming 
agents. For ordinary use, however, they must be 
avoided, since the silk is always left impaired in 
whiteness and brilliancy. 

Ammonia solution, even if used warm, has no 
sensible action on boiled-off silk. 

Alkaline carhorLates act like the caustic alkalis, 
but in a less energetic manner, still they are not 
employed as ungumming agents. Of all alkaline 
solutions, those of soaj) have the least injurious 
effect. When used hot, they readily remove the 
sericin from raw silk, and leave the fibroin lustrous 
and brilliant ; hence soap is par excellence the 
agent employed in the ungumming of silk 

If raw silk be steeped for twenty-four hours in 
clear cold lime-nater, it swells up considerably, the 
lime seeming to have a strong softening action on 
the sericin. Prolonged contact with lime-water 
renders silk brittle and disorganises the fibre. 

Chlorine and 7iyp>oehlorites attack and destroy 
silk rapidly, and cannot be used as bleaching 
agents. Applied in weak solutions, with subsequent 
exposure of the fibre to the air, they cause the silk 
to have an increased attraction for certain colouring 
' matters'."''" , ■ . . 

52. Action of Metallie Balts.-li silk is heated 
with, or even steeped in, cold solutions of certain 
metallic salts — e.g.j of lead, tin, copper, iron, alu- 
minium, etc. — it absorbs and even partly decomposes 
them, so that less soluble basic salts remain on the 
fibre. The methods employed for mordanting silk 
depend upon this fact. Sometimes, as in the case 
of ferric and stannic salts, the quantity of basic 
salt which may be precipitated on the fibre is 
sufficient to serve as weighting material. 




An ammoniacal solution of cupric hydrate dis- 
solves silk, the solution not being precipitated by 
neutral salts, sugar, or gum, as is the case with the 1 

analogous solution of cotton. I 

An excellent solvent for silk, is an alkaline solu- ! 

tion of copper and glycerine, made up as follows : 1 

dissolve 16 grammes copper sulphate in 140—160 c.c. i 

distilled water, and add 8 — 10 grammes pure glycer- i 

ine (Sp. Gr. 1*24) ; a solution of caustic soda is ! 

dropped gradually into the mixture till the preci- 
pitate at first formed just redissolves; excess of ; 

NaOH must be avoided. This solution does not 
dissolve either wool or the vegetable fibres, and 
may serve therefore as a distinguishing test. ' 

A concentrated solution of zinc chloride, 138® Tw. s 

(Sp. Gr. 1*69) behaves similarly. 

53. Action of Colouring Matters. — Generally ;; 

speaking, silk has a very great affinity for colouring ; 

matters. It can be dyed direct with the aniline 5 

colours, for example, with the greatest facility, i 

An examination of sections of dyed silk reveals j 

the fact that the colouring matter (or the mordant) 
penetrates the substance of the silk fibre to a 
greater or less degree, according to the solubility 
of the colouring matter, the duration of the dyeing 
process, and the temperature employed. 

The action of colouring matters on raw silk is 
similar ; but in many cases — e.g., in the black dyeing 
of souples, the colouring matter is situated princi- 
pally in the external silk glue, which, becoming 
brittle through the large amount of foreign matter 
it then contains, breaks up and assumes the form 
of microscopic beads. 

Tussur Silk. —This silk differs from ordinary 
silk, not only physically, but it is said also chemic- 
ally. It is less readily acted on by caustic soda, 
hydrochloric acid, concentrated zinc chloride, etc., j 

and has generally less attraction for colouring ;j 

matters. ■ 1 

OPERATIONS PRELIMINARY TO DYEING. 5 

COTTON BLEACHING. | 

54. Olject of Bleaching. cotton is con- i 

taminated with several natural impurities, which ■, 

impair the brilliancy of the white belonging to pure 
cellulose. Hence cotton yarn . as it leaves the 
spinner has invariably a soiled greyish colour. 

When such yarn is woven it is still further con- 
taminated with all the substances (amounting 
sometimes to 30 per cent.) which are introduced 
during the sizing of the warps — e.g., china clay, 
grease, starch, etc. 

Bleaching consists in the complete decolourising 
or removal of all these natural and artificial im- 
purities. 

55. Bleaching of Vnspun Cotton (cotton wool).— 



THE NEW TECHNICAL EDUCATOE. 


304 

Cotton wool is only bleached to a small extent, and 
is then used for wounds, &c., under the name of 
‘‘ absorbent cotton.” As a rule, the only treatment 
previous to dyeing^ which it receives is that of boil- 
ing with water until thoroughly wetted. 


Fig. 18 .— 'Apparatus for Chemicking, Souring, and 

56. BleaeJtinff of Cotton Yam . — For black or 
dark colours cotton yarn is usually not bleached, 
but merely boiled with water till thoroughly soft- 
ened and wetted. For light colours a rapid, but 
more or less incomplete, bleaching is eftecfted by 
passing the wetted yarn through a boiling weak 
solution of soda-ash, then steeping it for a few 
hours in a cold weak solution of chloride of lime. 
It is then washed, steeped in dilute hydrochloric 
acid, and finally well washed. 

A more thorough bleaching is that effected by 
the operations now to he briefly described. 


“ Warps ” are first loosely plaited by hand or 
machine, in order to reduce their length. If tlih 
yarn is in hanks it is either retained in that form, 
or linked together to form a chain. 

(1) Ley Boil . — For 1,500 kilos, yarn, boil six hours 
with 2,000 litres water and 300 
litres caustic soda 32° Tw. (Sp. 0r.:' 
1-16) ; steep in water for forty- five 
minutes and wash. 

( 2) Chcm. i el‘l ny . — Steep ■. the .yarn 
for two hours under sieve , in a solu- 
tion of bleaching powder 
(Sp. Gr. I’Ol), then wash for. half ' an, 
hour under sieve. 

(3) ^r2^rmy.---Staep the 'yaim^^fo^^ 
half an hour under sieve in d.iliite 
sulplnuic acid 1° Tw. , ' (Sp. • Gr, 
1*005), then wash for half an hour 
under sieve and afterwards through 
washing machine. 

If the yarn is intended to remain 
white, its purity is inoreased by 
running through a so-called dump- 
ing” machine with hot soap solution 
and blue (indigo-purp,le, etc.), then, 
hydro-extracted and dried. 

When bleaching (jotton thread,, 
owing to its closer texture, the first- 
three operations are repeated ' ^ 
The ley boil (also called: ** bowk--' 
ing ” or ‘‘ bucking ”) takes place in 
large iron boilers or “ kiers.” 

The usual order of: 'procedure-., is,' 
first to fill the kier with .'the yarn,, 
and after blowing steam '.through, 'for 
an hour or so, to run '’in'' the ,sod,a 
solution, and boil for ten to ', twelve 
hours. 

The operations of: 'chemlcking,- 
souring, and washing,, under .sieve^, 
are carried out by means' -of ■ the 
arrangement shown in ''Fig. .18.'"' It' 
consists of a stone tank with a 
false bottom F, and a valve G, com- 
municatrng with the cistern B below ; b is tlie 
shaft which works the pump c ; p' is a movable 
perforated drainer or sieve covering the whole 
surface of the tank E ; A is a winch for drawing 
the chain of yarn into the tank. Supposing the 
tank to be packed with yarn, the liquid in J> is 
pumped up to the sieve f', whence it showers down 
on the yarn below. It filters through the yarn 
and collects again in the tank D to circulate as 
before. 

The “ dumping ” machine referred to is essentialij 
the same in construction, as the final washing 


Washing. 
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■ CARPENTRY AND JOINER 

By B. A. Baxter. 

{Continued from p. 242.] 

BOORS. 

Doors form an important part of the joinery of 
buildings, and are of many different sorts. The 
simplest and commonest consists of boards held 
together by being fixed to ledges or horizontal bars 
by nails or screws. The boards may be rebated or 
grooved and tongued or matched together; the 


machine employed in calico bleaching, the main 
difference being that the square beater is replaced by 
a round roller, and that the upper squeezing roller is 
covered with cotton rope, and rests loosely with its 
own weight on the lower one. As the cotton yarn, 
soaked with soap solution and blue, passes rapidly 
between the squeezing rollers, the irregularities pro- 
duced by the plaiting or linking impart a constant 
jumping motion to the upper roller, and the liquid 
is effectually beaten and pressed into the heart of 
the yarn, thus enhancing considerably the purity of 
the white. 


uprights usually in the centre of the door, and 
panels or boards to fill the space between the above. 
The panels of a door may be one, two, four, or more 
in number. If two, one muntin is required ; if four 


joints maj^ be beaded to veil the defects that shrink- 
ing may probably cause (Figs. 47 and 48). 

The next form of door consists of a frame, of 
which the styles and top rail are of the thickness 
required, while any other rails are less by the 
thickness of the boards which, like the ledged door 
just mentioned, are nailed or screwed to the rails. 
This form of door is frequently used for coach- 
houses, cottages, and school-house doors, and being 
framed is superior to ledged work. The joints of 


Fig. 49. 

the hoards ought to be rebated, grooved, or matched 
together, and it ought to be noted that the boards 
cover the bottom rail. Frequently, in addition to 
styles and rails, these doors are furnished with 
diagonal rails, intended to prevent the weight of the 
door causing it to go out of square (Figs. 49 and 50). 

Framed doors consist of styles, the outer upright 
pieces ; top and bottom rails, horizontal rails, whose 
name indicates their position, and muntins^or inner 
There is great difference in spelling this word, and various 
sigiilar woitIs are used, viz., '*mullion,’' “munnion,” “munt- 


panels, then a middle rail and two muntins, and 
on. Room doors and entrance doors rarely have 
less than four panels, though instances occur now 
and then of a stout mahogany door with only one 
panel, which, however, in such cases must be 
stout as the external frame. 

The middle rail is sometimes called the lock rail, 
and the top of it is generally set 36 or 37 inches 
from the ground, so that it by no means occupies 
the centre of the height of the door. Probablj" the 
place of the middle rail was thus decided at the time 
when all rooms of any pretension were lined with 


20 
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over tlie edge of the frame, h is called bolection 
Bionkling (compare Figs. 5o, o-L and 55). TliesSj 
niouMirigs are frequently bought ready-made: in 
wMcIi case care must be taken that the rebate 
agrees with the distance from frame siirface to panel 
surface, as it is not easy to alrer sucii a moulding 
without damaging the front and edges. It is best 


wood in the form of frame and panels, a horizontal 
rail of some considerable width being placed at that 
height in order to avoid a thin panel being struck 
by the tops of chairs. This rail, called the chair rail, 


Tenons 


to have a sample of the moulding at hand wlien 
setting out the doors. 

When doors are partly glazed and partly pan- 
elled, it is often desirable to diminish the width ot 


Middh Rail 


'renmu 


Tenons 


Panel 


Tram. 


Panel 


would naturally call for a rail at a similar height in 
the doors (Fig. 51). 

The panels of a door or framing are generally, 
but not necessarily, of thinner material than the 
frame (Fig. 52). Whenever panels are even or 
"‘flush” with the surface of the frame, a bead is 


Tenon. 


Fig. 54. 

worked on the edge of the panel. This description 
of work is called “ bead and butt ” ; butt, because 
the ends of the panels “butt ” against the rails. If 
the bead is mitred all round the panel, the term is 
“bead and flush,” and is regarded as superior 
(Fig. 53). 

Panels are frequently reduced at the margin, as 
.shown (Fig. 54), and this treatment can be com- 
bined with bead and flush on the other side of the 
door. 

When the moulding is rebated and projects 


Poor with Piminisked Styk 


Pair of Styles 


the door styles at the upper part which usnapiy 
contains the glass, When this is intended, it is 



easily procured, and the rebate cut with a similar 
tool. The mortises must be cut for the middle rail 
before the splayed joint is cut, although, of course, 
all the lines will be marked beforehand. 

The making of sash bars will be described in the 
lesson on sashes, but in many cases the moulding 
will be procured from the moulding mills. The 
same care to obtain moulding, moulding plane, and 
router to agree must be exercised as before advised 
for bolection mouldings, or the mouldings so pro- 
duced will not intersect with those bought. 

Doors with semicircular heads are made in 
various ways, depending on dimensions, for what 
would be jjracticable with a small door would not 
do for a large one. Some doors, too, for a semi- 
qjrcular head, open in two parts, which is excellent 
practice, for it is generally better to divide the door, 
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and consequently the weight, than to make one 
very wide door, or to restrict the opening. The 
curved top of the door may be built up in segments, 
joined either by dowels, bolts and nuts, or wooden 
tongues (Figs. 57-60). The bolts and nuts men- 
tioned will be like those used in hand-rails, luiving 
two nuts, one of which is made so that it can be 
turned with a screwdriver when the parts are 
brought in contact. The joint should be dowellcd 
as well as joined by the bolt, which ought to be 
regarded merely as an accessory to draw together a 
joint that would fit well without it. If the wooden 
tongue is, used it should be made of hard wood, tlie 
shape of a letter H, thus I— I. The central web need 
not be more than one-fourth tlie thickness or half 
the width of the joined rail. 

If the doors are to be painted, a thin piece of 
hard wood, bent and well glued to the edge, will 
improve the whole ; and -if beads are used to secure 
panels or glazing, the fixed bead might be of ash or 
walnut, and would much add to the strength of the 
door. Doors that are to be covered will have panels 


flush both sides. If the stuff is not well seasoned 
the baize or cloth will soon show black lines where 
the joints have opened and the air passing has left 
a line of dust to mark the line of joint. Such a 
door should be covered with brown paper, moistened 
well and glued round the edges only ; if glued all 
over, shrinking will tear the paper. The carpenter 
should make a groove on the hinged edge and 
supply a strip of wood, so that the edges of cloth or 
baize may be concealed. 

The consideration of doors leads to the subject of 
hingeing. Hinges are a connecting, but flexible, 
plate, moving on one, or sometimes two, centres, 
the centre being often a strong wire. Some 
considerations about fixing hinges may be of 
value. When two or more hinges are used on 
a door or flap, it is absolutely necessary that the 


usual to prepare the outer edge of the pair of 
Styles straight and true, cutting down at the 
proper distance from each edge to the top of 
the middle rail (Fig. 56). When a pair of door 
styles are thus marked out, the part marked 
waste need not be wasted, though not required for 
the door. The upper part of the styles will be 
moulded like a sash, and of course rebated at 
back for the glass. If the door is to be painted, 
the sash moulding may be p»ut on separately, thus 
forming rebate at the same time ; but doors which 
show the w-ood ought to have the moulding and 
rebate wTjrked out of the solid. This can, be done 
best with some of the iron sash routers now so 
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eentTes shall be in one line. A straight line drawn 
*through the centre pin of one hinge ought to pass 
through the centre of the others. 

With some exceptions, 
which shall be mentioned, 
the centre pin ought to be 
Just outside the flap or door 
(Fig. 61). The flaps shown 
will close fiat together and 
open out as far as the dotted 
line, making more than half 
a revolution. Fig. 62 shows 
the hinges fixed, so that the 
centre is exactly at the edge 
of both flaps, consequently 
the movement possible is 
just a semicircle. In Fig. 
63 the centre is well within 
the substances hinged to- 
gether, and no movement 
could take place unless the 
angle had been removed as 
shown. If the angle is planed off each equally, 
at 45° and to the right distance, then the move- 
ment is limited to 90°. It is not always de- 
sirable to cut for the hinges in, say the lid of a 
box, so that the form of hingeing in Fig. 64 


Fig, 68 shows a cranked hinge, intended to allow 
a bead to be worked on each side of the frame 
opposite each other, and for the hinge to coincide 
with the bead, yet to be let in to both door and 
frame. Figs. 69 and 70 are pivot hinges, drawn to 
show how to fix them in the right places. 

Hinges require careful fixing, and may give 
trouble in three different ways. The spaces may 
be cut deeper than necessary, causing the door or 


is intended to show mode of cutting the whole 
substance of the hinge into one of the parts to he 
Joined, cutting in, of course, into the part that will 
hold the longer screws. Fig. 65 shows a Joint 
which used to be very frequently used for shutters 
and in cabinet work. Inspection of the figure will 
show that the curves are drawn from the centre of 
the hinge and that the straight part of the joint is 
a radius from the same centre. Having the hinges, 
and drawing the quarter circle from the centre, 
when hinge is properly sunk, will avoid any error 
in making this joint. Fig. 66 shows a wide hinge, 
made for the purpose of avoiding any projection or 
moulding that would prevent the required move- 
ment if narrow hinges were used. 

Fig. 67 shows a hinge used when a door or flap is. to 
4)6 at a different surface from the frame ; it, too, would 
allow the door to pass a moulding or projection. 


flap to be ‘‘binge-bound” ; the door may be thicker 
than expected, and so the back may be too hard 
upon the stops — it is then “ stop-bound ” ; or it may 
be that the screws do not fit into the counter-sunk 
holes, but project, causing the work to be “ screw- 
bound.” This last is the v; orst and most unpardon- 
able sin a workman can commit in hingeing, because 
it is really so easily avoided. In fact, either of 
these defects is easily avoided if care is taken, but 
either fault produces similar effects. 


WOOLLEK AND WORSTED 
■ spinning. — Y. 

By Walter S. B. McLaren, M.P. 

/rom p. 238.] 

WOOL WASHING AND OILING {continme). 

36. Yervicrs Wool-ymsUng much has been 
heard in England of the superior wool-washing in 
Verviers, that the following brief account, given by 
Mr. Craig-Brown to the South of Scotland Chamber 
of Commerce, of the washing in the great mill of 
Messrs. Peltzer and Son, is of value. They are 
spinners of worsted and woollen yarn made of 
Buenos Ayres and Monte Videan greasy wool, and 
very largely supply the Glasgow market : — “ Having 
been sorted, the vrool is put into an iron cage 
mounted on a swivel in front of the first scouring- 
trough. Here it is saturated from an over-head 
pipe with a liquor made from the drippings of 
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the fleece is recognised bj its being used over and 
over again to partially wash tho new wool, and also* 
that thougii soda is used fur scouring, the wool is 


previous cagefuls of greasy wool treated with 
alkali. Pipes carry the drippings into a large tank, 
Avhere the alkali is added, and the contents pumped 
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well rinsed in clean water lest it should discolour 
and harden the wool. As much of this wool is dyed 
before spinning, it is necessary to extract all the 
oil from the fleece, but potash would do this as well 
without the danger of spoiling the colour. 

37. Ordimri/ Hot Blast JDrytiifj Machine. — Hav- 
ing w^ashed the wool, it is nece.ssary to dry it. 
The common form of dryer is a large flat or slop- 
ing table, covered with wire netting, and with 
wooden sides. Underneath are a number of hot 
steam-pipes, and at one end is a circular fan which 
revolves at a great speed, making often 800 or 900 
revolutions per minute. The wool is spread on the 
top of the netting, and the fan blows air heated by 
the steam-pipes through it, and thus it is dried. 
Sometimes the pipes are above the dryer, which is 
then in a small room by itself, and the fan draws 
the hot air down through the wool ; but this mode 
is much longer and therefore more costly than the 
former, in which the wool is always being blown up 
from the wire netting, and thus lies loosely and 
lightly. In the latter way, the draught forces the 
wool down on to the netting and makes it lie dead 
and heavy, so that the air cannot get through it so 
well. The fault of both dryers is that they take up 
a great deal of room, and are diflScult to cover 
evenly. Consequently, if any thin place is left, tlie^ 
air blows up or down through it, making the wool 


high enough to permit of redistribution. This 
liquor has a remarkable effect in loosening and 
opening the wool, a process further stimulated in 
the cage by showers of pure cold water. From this 
cage the wool is fed into the first tank of the 
scouring machine ; the liquor is the same as with 
us — soda and hot water. But a feature of the pro- 
cess is the extreme slowness with which the first 
forks travel— an unquestionable advantage. After 
being thoroughly raised, or freed from grease, the 
wool is carried into the rinsing-troughs. These are 
of great capacity, are kept constantly supplied with 
a large stream of clean cold water, and have forks 
travelling at a velocity as much above ours as the 
forks in the hot tanks are below it, the object of 
which is obvious. By this radical cleansing the 
soda is completely removed, instead of being left to 
eat into and discolour the staple in the process of 
drying. Most of the wool is ‘ whizzed ’ after 
drying, but I saw one drying-machine fed con- 
tinually from the scourer, and delivering wool in 
that nice soft condition — neither too dry nor too 
moist — ^whioh ought to be the aim of every scourer. 
It was a large hollow chamber, through which the 
wool slowly passed on an apron, subject to a strong 
draught of heated air drawn through it by an 
exhaust fan,” It is worth noting here that the 
scouring property of the potash in the yolk from 



WOOLLEN AND WORSTED SPINNING. 


there too dry, and leaving any thick jhace too wet. wool, the latter is delivered light and open, with 

^There is a risk also of the wool being allowed to no tendency to be matted. The production of dry 

remain too long on the dryer, in which case, owing wool is great, for it is said to be able to dry 80 to 

to the hot pipes, it becomes scorclied; or it may be 90 packs per week, which is much more than an 

taken off too soon, and is thus difficult to work in ordinary open dryer of the same size could do. 

the next machines. If wool be scorched, it becomes Moore's There is another dryer, how- 

harsh and brittle, and to some extent it loses its ever, known as Moore’s of Trowbridge, wdiich is ex- 
colour and becomes yellow. Foreign ex- 
periments show that wool, after being 
absolutely dry, can absorb about 18 per 1 

cent, of moisture; but it should never be R 

dried to this extent if it is to be manu- ' 

factured. Cold-air drying would probably 
be the best method, but it would take too Outlet 1 

long, and require too many drying machines 
to be suitable for everyday work. It is 
desirable for the sake of the after-processes 
to retain a uniform amount of moisture in 
the wool, and this seems to have been 
effected by the continuous feed and delivery 
dryer patented by Mr. John Petrie, Junr., Limited, tensively 
of Rochdale, is simpk 

38. Petrie's Dryer. — Fig. 7 represents one of these machine 

machines in a room 20 feet long, 4 feet f> inches P p, and 

wide, and 14 feet high. The wool is fed in at the 100 lb. f 

side as marked, and passes through, forwards and door. T 
back again, in the direction of the arrows till it is the drui 

delivered at the oj^posite side from that at which it They ax’c 

entered, and at the bottom. It rests up>on tables and fit < 

which are made of bars lying side by side. Every yet they 

alternate bar is stationary, the others being mov- drum is 

able but fastened together underneath. The set of tions pe: 

movable bars have a motion forwards and back- spikes c. 

wards, but when moving forw^ards they are above the dooi 

the level oi the fixed bars, thus propelling the wool revolve 

forwards with themselves. But when they travel the othe 

backwards again, they droj> down to beloiv the level journey 

of the fixed bars, and thus do not take the wool each set 

back with them. This motion is obtained by the become 

levers and rods fixed to wheels at the front of the the hot 

machine, as shown in the diagram. As the wool on lower se 

the top table comes to the end, it falls over on to 1,500 to 

the next lower, and the same process is repeated. vantage 

There is a hot blast blowing in the same direction to drive 

as the wool travels, and this both lightens it and heat has 

helps it on. It also lifts the w’ool from the feeding When tl 

place to the top table, for the entire draught passes without 

the mouth of the opening where the wool goes in. 40, D 
This machine is suited to all classes of 'wool, long better t 

and short. The heat can be regulated as required, cold bla 

and as the wool passes through regularly, every apt to d: 

portion becomes equally dry. In an ordinary hot- and mal 

blast drying-machine, the heat is greatest at the flannel : 

end furthest from the fan, and therefore the wool slowly, j 

cannot be ail equally dry. Owing to the constant place, 

blast of air travelling in the same direction as the applies to wool. 
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called the hydro-extractor, which is sometimes used 
for wool, bat chiefly for yarn and cloth, bat it does 
not make them entirely dry. The material is put 
inside the wire circular cage shown in the centre of 
Eig. 9, which revolves at an immense speed inside 
the iron case which is seen outside. It is worked by 


the engine at its side. The centrifrugal force and 
the current of air drive the water out through the 
sides of the wire cage against the inner sides of the 
iron case, which is stationary, and it there escapes 
from a pipe at the side. 

41. Oilmg Wool. — The question of oiling wool is 
one of importance and interest to the manufacturer, 
and it is necessary he should use such oils as are 
best suited to his purpose, if be use any at all. 
For long English wool, unless it is spun to its 
farthest limit, oil is really unnecessary either for 
combing or spinning, hut there is no doubt it softens 
the wool and helps it to spin to a higher count than 
it would reach if quite dry. But there is another 
reason why it is liked. It is much cheaper than 
wool, the very best olive oil being only 5d. to 6d. a 
pound, while combed wool is cheap when three 
times that value. Every pound of oil used, there- 
fore, represents a distinct gain to the manufacturer. 
The French worsted spinners, as is well known, 
spin without oil, and even when they use it in card- 
ing and combing their short Botany wool, they 
wash it all out before beginning the process of 
drawing preparatory to spinning. They do this 
because the cloth can be dyed a brighter and 
clearer colour when the wool has been worked free 
from oil and perfectly clean. Some English worsted 
spinners and manufacturers have adopted the same 
course, and it is obvious that their customers who 
scour or dye their yarn or cloth will prefer it free 
from oil, if for no other reason than that it will 
lose less weight in those processes when free from 
than when mixed with oil. If proper care be taken 


in the working not to destroy the natural oil in 
the wool, and if the wool be ]iOt spun to beyond its*' 
proper count, there seems n<j reason why English 
spinners should not give up the custom of oiling 
their wool. 

42. Best Oil to he Ifeed.—U, however, oil is used 

for worsted yarns, it should be the best 
quality of olive. Gallipoli is the name for 
^ the veryBest, but some others are so good 
w as to be hardly distinguishable from it. 

I Olive oil softens the wool, and even after 

I a year or more the wool does not become 

I hard or stiff , and the oil keeps fresh and 

I sweet in it. The loss which may be occa- 

l sioned by oil turning rancid or sticky on 

yarn which has been kept in stock for a 
year is so great that no prudent mauiifac- 
tiirer will run any risk; but at the same 
time, it is most difficult for anyone but an 
expert to detect adulteration in oil, cottun- 
seed oil being largely used for adulterat- 
ing it ; and therefore it should only be 
bought from rnerchanls whose cliaracrer 
for honesty can be relied on. A comxjound known 
as “soap cream” has been introduced, with the 
recommendation that it is ciieai>er and better than 
oil, improving the colour of tiie wool, and helping 
the process of scouring the yarn or cloth afterwards. 
As, however, it is largely composed of water, its 
cheapness is not surprising, and its other supposed 
virtues are very doubtful. The chief result of em- 
ploying it is that less oil is used than when an equal 
quantity of real Gallipoli is put on to the wool, and 
anyone w’ho wishes to arrive at this result had 
better simply put on half the quantity of Gallipoli 
and add what quantity of water and soaj> he thinks 
fit. 

43. Oleme Oil for Woollens. — For woollen yarns, 
especially those containing much mungo and 
shoddy, oil seems necessary, as the fibre is very 
short. But as it is all washed out again before or 
during the milling process, it is not requisite to use 
anything so expensive as olive, and oleine oil is 
therefore generally employed. It is obtained from 
the manufacture of stearine candies. When the 
stearine is extracted oleic acid is left, but is mixed 
with sulphuric acid, which has been used to separate 
the stearine from it. From the oleic acid, oleine 
is obtained, but the sulphuric acid must be separ- 
ated from it by distillation. As it is heavier than 
the oleine, part of it is often left in to cheapen the 
oil ; but this form of adulteration is very injurious, 
both to the wool on which the oil is used and to the 
persons working with it. Impure oleine prevents 
the cloth from dyeing a good colour and makes it^, 
streaky ; but the pure oil is really of assistance in 
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helping the scouring of the cloth. One of its pro- 
perties is the great readiness with which it sa- 
poniheSj on account of which it is largely employed 
in soap-works. When, therefore, it has been used 
on the wool, it is only necessary to put soda or 
potash into the water for scouring the cloth. The 
oil comes out of its own accord, and unites with 
the soda or potash to form soap, and thus scours 
the cloth. If olive oil has been used on the wool, 
some soap is needed for scouring. Where woollen 
yarns, previously oiled with oleine, have to he 
scoured, it is only necessary to put ammonia into 
the water, for, being looser, they give out their oil 
more readily than does cloth. 


raised an obelisk at Borne with the help of 960 
men and 7o horses, wvonking 40 immense cajpstans. 
Half a century ago, Le Bas raised the Luxor obelisk 
in Paris with 10 capstans, worked by 480 men ; but 
fifteen years ago, Mr. Dixon raised Cleopatra’s 
Needle to its position on the Thames Embankment 
by means of four hydraulic jacks, each 7Vorlied hj 
one 7n an, 

In the process of raising 'weights, therefore, we 
owe our progress mainly to the introduction and 
perfecting of hydraulic machinery. 

The success of hydraulic machines depends to a 
great extent on the principle, said to be due to 
Stevinus, but enunciated by Pascal many years ago 
in the following words : — “ If a vessel full of water,, 
closed on all sides, has two openings, the one a 
hundred times as large as the other, and if each be 
supplied with a piston which fits it exactly, then 
a man pushing the small piston will equilibrate that 
of 100 men pushing the piston which is 100 times 
as large, and wiU overcome that of 99.” The reason 
of this law is evident from a very simple application 
of the law -of work. 

Thus, in Pig. 34 two vessels, E and D, are con- 
nected by a pipe (and therefore fulfil the conditions 
of Pascal’s one vessel) which is filled with water, 
each of the vessels containing a plunger fitting 
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TKANSMISSION OF FORCE BY FLUID PRESSURE - 
HYDRAULIC MACHINES— ACCUMULATOR-LIFT- 
ING MACHINES. 

In this lesson I propose to deal with machines in 
which the force is transmitted, not by the contact 
of solid particles, but by a fluid— such as 
'water. There is usually very little friction 
in such machines, and the real is nearly the 
same as the hypothetical mechanical ad- ^ 
'vantage.' : 

Hydraulic machines never fail to ex- 
cite the wonder of anyone beholding 
them at work for the first time. The great 
forces exercised by them, and the silence 
with which they work, convey the idea of 
tremendous stores of energy. For instance, 
if you go to any of the large docks, you will 
see a boy, by the manipulation of a fe'w 
handles, raise with ease great loads and 
deposit them wdiere wanted by means 
of an hydraulic crane. You will see, in 
some cases, great ships raised clear out of 
the water on an hydraulic “ grid and if ^ ^ 
YOU go to the River Weaver, in Cheshire, 


water-tight, being also filled with water around and 
under the plunger. Let the larger plunger be called 
a r<ai?w,the larger vessel a press, the smaller plunger 
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thQ p^mjJ'jyluntjer, and the smaller vessel the pump ; 
and you have a diagrammatic representation of the 
hydraulic press, and indeed of a great many 
hydraulic machines. 

Wo may assume, for the moment, that water is in- 
compressible—it is very nearly so, being diminished 
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in bulk only about one twenty-thousandth of its total 
bulk for an increase of pressure equal to one atmo- 
sphere ; or, if you do not care to make that 
assumption, then imagine it to be as much com- 
pressed as it will be, and, therefore, no long&r 
changing in volume. Then, if the area of a right 
section of the pump-plunger is 1 square inch, the 
area of the ram being, say, 100 square inches, it is 
evident that if 100 inches in length of the plunger 
are forced into the pump, the water displaced must 
find room for itself somewhere, and if nothing yields 
or breaks, it will find room by pushing up the ram 
with whatever load may be on it. How far will the 
ram he pushed up to make room for 100 cubic inches 
of water? Evidently, 1 inch; hence, by the law 
of work, if there is no friction (and there is very 
little) p X 100 — w X 1, where w includes the load 
on the ram and the 'weight of the ram itself, 
p being the force actuating the pump-plunger, 


Hence, 


w 

F 


IW) 

1 


or, generally, ■ 


: — , where A 
a 


and a are the areas of the ram and plunger respect- 
ively. This, then, is the iiy}iutlietical tiiochanical 
advantage of this iiydnudie macli-nt- : taking 

thej'Aunp-handle into accounr, wjU) woubl have 
to be multiplied by tla* Jiicc'hanieal a/lvamtage of 
the handle to get the total inecliarucal advantage 
of the machine. 

HYBPvACMC 'PIlEsi.s. 

The hydraulic press, as iisedi in modern vrare- 
houses, is showji in Fig. 115. It is a very powerful 
nmchine, which owe.s its success to Ih’anuih. who 
about the year 1812 took our a prdent fnr the cup- 
leather packing which sunviunus the ram. rendering 
it water-tight, andtlius li-ade the hydraulic piress a. 
machine of great practical eniiimereiril utility. 
This leather is shown in 'Fig. h4, and also in the 
lower pjart of Fig. 35 ; it really consists of a little, 
circular tunnel of leather, fitting a recess in tlie 
press and being in contact with the ram. As the 
water tries to escap)e })ast the sides of the ram it 
gets inside tljis little tunnel and forces the leatlier 
tighter against the sides of the ratu. 

A section showing the valves, etc., is given in rlu* 
lower part of Fig. 33, wliere B is riie pump-plunger 
which in its up 'Stroke draws in 'v.'ater by the upward - 
ojoeriing valve, In the down-stroke, M closes ami 
N opens, allowing the water to pass along the pi]ie 
to the pre.ss, A, where the ram, F, is lifted by the 
infiux of water from the pump, and thus goods 
resting on the piatten ” or platform, g, are pressed 
against the top of the framework. The safety-valve, 
s, allows the water to escape, should the pres.sure 
accidentally become greater than a certain amount. 
A small screw”, K, is also provided for the escape of 
air when the pump is started, together with a plug» 
p, which can be withdrawn to allow of the pipe L 
and press being filled wdth water by hand at the 
commencement of the operations. 

This machine is much used for pressing Man- 
chester goods, in a modified form for expressing 
oils from seeds, and many other similar purposes. 
With a machine of this kind two men working the 
pump can crush into shapeless masses great blocks 
of oak or concrete ; and even lai'ge cubes of glass 
are with ease reduced to fine pow”der. 

THE HYDEAHIilC LIPTIXG-JACK. 

This most useful and portable machine for raising 
loads directly is now much employed, having almost 
completely displaced the older and less efficient 
screw-jack. The jack is shown in Figs. 36 and 37, 
Fig. 36 being an older and Fig. 37 a newer form of 
the jack. In Fig. 36, ii is the spindle to which the 
handle is applied, the pump-plunger F being, b^ 
means of the crank K, raised and lowered by working 
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tlie handle. The reservoir c is filled with water, 
ahd when the handle and plunger are raised, some 
of this water is admitted under p by the valve Vj, 


Then the ram E and casing A are raised as before. 
It will be observed that in this case the ram is 
protected from injury, which is not the case in the 
old form of jack ; also the 
packing - leather L is kept 
moist more readily ; hence, 
leakage is less likely to ocdur. 
SfeBBB from any cause leakage 

occur in the older ma- 
/f chine, the water all escapes 

and dry. The form of the ram 
^ in horizontal section is not 

circular, but has a flat side ; 
H|4 so the groove is not needed. 

H'|| These and other matters show 

H|l that the new form is the out- 

||9 come of careful observation 

and experience on the part 
of Messrs. Tangye, who make 
the machine. 


which, when P is depressed, closes, the water being resting 

forced through the valve v.,, into the space M, above the gi 

the ram E. The ram is fixed, and as more and more of stre 

water is forced into M, the casing A of the jack hydrau, 

rises together with whatever load may be resting have a 

on it. This load may either be applied to the hydrau 

top of the casing directly, as is usually the “When 

case, or to the toe, T, of the casing, as in the case quisite 

where rails on a railway are lifted by this means. height 

s is the lowering screw which, on being opened, from a 

allows the water to pass from M back into c, and machin 

thus the load is lowered. The groove on the side of have b 

the ram fits a projection on the casing, and hence pumps 

prevents the latter from turning round. A newer and he 

form of the jack, shown in Fig. 37, has some im- distribi 

X^rovements. The water passes through the centre produc 

of the plunger, which contains the valve and is “headi 

^rced, on the down-stroke of the plunger, through considi 

the valve v.> and the ram B, into the space M. water - 
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since 1 cubic foot of water weighs about 62*4 lb., 
the pressure on the square foot is 62*4 It lb., or the 
. , . 62 * 4 ^^ li 

pressure oh. each square inch is equal to — 2*3' 

To produce the pressure of 7001b. per square inch 
now used in London, the reservoir would require to 
be at a height of 700 x 2*3, or over 1,600 feet above 
the level of the machine worked. Sir W. (now Lord) 
Armstrong, after using a tower to obtain the requisite 
height, soon had-— to use his own words— “ to resort 
to another form of artificial 
head ” by the employment of 
an accumulator. 

The accumulator will be 
represented by the press, B 
(BTg. 34), with its ram and 
weight, and its function is to 
produce and maintain the 
requisite pressure in the 
mains, as well as to aSord a 
storehouse of energy, which 
wdll supply any excess above 
that provided by the steam- 
engine, which may be drawn 
on for a short time. It also 
provides a yielding arrange- 
ment in the system, so that 
if all the driven machines are 
suddenly and simultaneously 
stopped, the engines can go 
on for some time without 
breaking something, as would 
Fi'^. 38. no yielding or 

flexible arrangement w^ere 
provided. The accumulator in its usual form is 
shown in Eig. 38, where P is the accumulator 
press, E its ram, and w the great weight— of 
concrete or pig-iron — surrounding and attached 
to the ram. When the machines are at work 
the ram and weight of the accumulator are 
usually either rising or falling; and if not at the 
extreme bottom of their stroke, but in such a posi- 
tion that the weight rests on water, it is evident 
that the intensity of pressure of the water must be 
w ' 
a’ 

the cross-section of the ram in square inches. An 
arrangement is usually provided by which the 
accumulator weight, when it falls below a certain 
level, operates a chain and lever and thus starts 
the engine and pumps, and also, when it rises to a 
certain height, it in like manner stops the engine. 
This, then, is an outline of the system. I will now 
refer briefly to some of the more important of 
the machines operated in connection with such a 
system. 


HYDEArLIC HOTEL LIFT. 

Passenger lifts in hotels, etc., are usually actuated 
by hydraulic power. The reason of the preference 


, where w is the weight in lb. and A the area of 


Fig. 39 . 


for such lifts over those which are worked by chains 
or ropes is their greater safety. If the suspending 
chains of a non-hydraulic lift break there is great 
danger of a fatal accident, even though certailT 
safety arrangements, which are intended to come 
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into n-se in such an emergency v are pro^ndecl. There so as to form two south poles at the point marked 

always a certain amount of uncertainty as to s, and two north poles at the point marked N. The 

whether these safety-catches will work. A direct- w^hole of the current generated in the armature is 

acting hydraulic lift, in which the cage or room is 
attached to, and rests on, the top of a long ram 
which works in a corresponding press sunk deep 
clown into the ground, has the great advantage of 
almost perfect immunity from such an accident, 
for the ram with its burden always rests on water 
which cannot escape with infinite rapidity ; hence 
a very rapid descent of the lift is almost impossible. 

One of the most usual forms of hydraulic lift is 
shown in Fig. 30, for which I am indebted to Messrs. 

Tangye Bros., the well-known engineers. The figure 
requires no explanation, but the reader will notice 
that it is a “balanced lift.” This refers to a matter 
which I have only space to mention in passing. 

When any body is immersed in water it loses, or 
seems to lose, a part of its weight, its apparent 
weight being less than its real weight by the weight 
of the water which it displaces. Now, when a large 
portion of the ram is in the press, and therefore 
immersed in water, its apparent weight is smaller 
than when the lift is well up and the ram is nearly 
ail out of the water. Hence, in order to work the 
lift steadily, the pressure of w^ater in the mains 
should increase slightly as the lift gets higher and 
higher in its path, unless there is some variable 
counter- weight or something which “ balances” this 
increase of weight. 

Hydraulic and other methods of balancing are 
fully described in books dealing with the subject, 
and I have not space to explain them here. From 
the foregoing the reader will see that an accumu- 
lator does not keep an ahsolntely constant pressure 
in the mains ; but the variations of pressure are, in 
that case, unimportant. 


Fig. 2S.— Diagram of Drum Machixf. 


shown as passing round these electro-magnets — in 
order to excite them to the proper degree of strengtii 
—and is then shown as passing into the external 
circuit, where it is doing useful work. Energy is 
expended in forcing the current through the arma- 
ture, field-magnets, and external circuit ; and it is 
clearly of primary importance to expend the largest 
possible amount of this energy in the external 
circuit, since the efficiency of working is the ratio 
of the energy expended in the external circuit to 
the total energy expended. Since the same current 
flows through the three parts, the relative amounts 
of energy expended in each of these parts are as 
follows ■ 

In the armature, x ; 

„ field-magnets, Y. 

„ external circuit, x K ; 
where c expresses the current ; 

„ „ resistance of the armature ; 

„ „ „ field-magnets; 

„ E ,, „ external circuit. 

(The expenditure of energy due to purely me- 
chanical causes is not taken into account.) 

The electrical efficiency of the system may there- 
fore be expressed as — 

X K . 

c2 X X -f- c2 X R ’ 

or, 

:'■■■■■■' „ E ■ 

(Electrical) Efficiency = - — r— — r-— . 

Ta 'T" "T 

This fraction is clearly a maximum when Ta and 
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THE DYNAMO (continued). 

siemens’ dynamo.' . , ■ ■ . 

Op those machines in which the drum armature 
is used, that constructed by Siemens is the earliest 
and most characteristic type. The general arrange- 
ment of armature and field-magnets of this machine 
is shown in diagram in Fig. 28. As in the Gramme 
machine, the field is produced by two powerful 
horse-shoe electro-magnets, E and Ei, which are 
excited by the current generated in the armature, 
"fliie poles of these two magnets are brought together 
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r,„are as small as possible. The conclitioii tliat 
gives the maximum efSciency is to have the ?*<?- 
sMmiee of the armature a little greater than that 
of the jieU-magneU, awl to havsUth. small compared 
with that of the external circuit. 

Both the Gramme machine and the Siemens are 
series machines ; but they may also be and they 


Fig, 29.— Diagram of Siemexs* Machike. 

often are — wound as shunt machines. In the shunt 
machine the current, on coming out of the arma- 
ture, splits into two portions, one of which is utilised 
for exciting the field-magnets, and the other for 
doing useful work in the external circuit. The re- 
lation between the resistances of the armature and 
field-magnets, which will make the efficiency a 
maximum, is now considerably altered; for this 
machine the condition should hold that — 
e2 


(using the same letters as heiore) : and 

anee of the dcld-maf/uetr be at least oOO times 

as great UrS that of the armature. 

Either with a magneto or a separately excited 
machine— which is practically tlie same thing— any 
change in the resistance of tise external circuit 
produces approximately a corresponding inverse 
change in the current. 

With a series dynamo, a change in tlu; resistance 
of tlie external circuit produces more than a eorre- 
.sponding inverse clumge in the ciirrent, since it 
modities the strength of the field-magnets. 

With a shunt dynamo, a change in resistance 
of the external circuit produces a similar — but not 
a proportional — change in the current, owing to the 
field-magnets being Strengthened or weakened as 
the external resistance is increased or decreased. 

With constant spet^d, none of these machines will 
give a constant E3LF. at its terminals, with varying 
resistances in the external circuit ; but a combina- 
tion of a shunt and a series dynamo will. Constant 
current is necessary for running arc-lamps in series, 
and constant E.IH.F. for glow-lamps in parallel. 
Fig. 29 is a diagram of a Siemens machine wound 
in this manner. 

On the commutator ro.st the brushes b and Bj, 
from which the current is conveyed to the four 
field-magnets and to the terminals of the machine, 
r and Pj. Starting at the brush Bj, the higli- 
resistance shunt circuit — wiiich is composed of 
many turns of fine wire — denoted by the thin line, 
is led round the four electro-magnets in series— as 
shown by following the small plumed arrows — and 
returns to the arinatiire at the brush B without 
flowing through the external circuit ; the main 
circuit— denoted by the thick line and the plain 
arrows — goes to the terminal P, returns from the 
external circuit to p^, and then flows through the 
four electro-magnets in parallel, returning to the 
brush B. This circuit round the electro-magnets 
is composed of a very few turns of very thick wire. 

The field-magnets thus contain a high-resistance 
shunt circuit and a low-resistance series circuit, and 
their strength is due to the magnetising action of 
both ; the part which each of these circuits plays in 
magnetising the field-magnets can be so proportioned 
that the machine will supply constant E.M.F., witli 
varying resistance in the external circuit. 

The diameter of wire and the number of turns 
that must be used of each coil will be fully gone 
into when dealing with dynamo design. 

The general appearance of this machine is shown 
in Ifig. 30. The field-magnets are shown standing 
vertically, but in some of these machines they are 
placed horizontally, which is in many respects a 
more convenient arrangement. 
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The iron of the field-magnets consists of a number 
,of rectangular bars of very soft wrought iron, bolted 
to an iron yoke at the top and bottom. The central 


Fig. 30.— Siemens ajs’d Halske Compound Machine, peoducing 

CONSTANT E.M.F. 


portion of one of these sets of bars forms a double 
north pole, and the central portion of the other set 
a double south pole. The lines of force thus pass 
horizontally, through ;the armature, from one of 
these poles to the other. The core of the armature 
is not solid, but is built up of a number of thin soft 
iron discs, which are insulated from one another 
by paper. This prevents the formation of eddy 
currents to an undue extent. 

FOUCAULT CUKREXTS AXD HYSTERESIS. 

Since the cutting of lines of force by any closed 
conducting circuit generates currents in that circuit, 
it follows that currents will be generated, not only in 
the coils of the copper wire, but also in the core of the 
armfiture, which consists of iron, and which, there- 
fore, is a conducting substance. These eddy currents 
generated in the iron core, and known as Fovm'iilt 
curroits, play two highly injurious parts in the 
dynamo — they require an expenditure of energy in 
order to generate them, which is a waste, and they 
heat the armature unnecessarily. The heating of 
the armature increases the resistance of the coils, 
and produces a further waste of energy there. In 
Siemens’ shuttle-wound armature the massive iron 
core renders it particularly faulty in this respect. 
They can be partially avoided by constructing the 


core of insulated plates, or of bundles of wire, and 
one of these plans is almost invariably adopted now, 
notwithstanding the increased cost of construction. 
These currents are also formed in the poles 
of the field-magnets, and notably in the 
horns. When a dynamo has been running 
for some time, it may be noticed that the 
. horns become heated owing to the forma- 
tion of eddy currents, and further, that the 
leading horn becomes more heated thah 
the trailing one. 

W^here the dynamo is used for the gener- 
ation of very large currents, it becomes 
necessary to use correspondingly large con- 
ductors for the loops on the core. In tile 
early days of dynamo construction these 
large conductors were made of solid copper, 
and it was found that they became unduly 
heated for the quantity of current which 
they were supposed to be carrying. It is 
now recognised that this extra heating was 
due to the existence of eddy currents 
' formed in their substance, and that it could 
be prevented by constructing the conductor 
of a number of smaller wires joined in 
parallel, which would have jointly the same 
;ing sectional area as the original conductor, 
but which would be insulated from one 
another. A very light insulation is all 
that is required, and some makers only insulate the 
alternate wires— a device which saves labour and 
answers all practical purposes. 

Another cause of the heating of the armature is 
the fact that the polarity of the core is reversed 
twice during each revolution ; and owing to this fact, 
by a phenomenon known as hysteresis, a certain 
amount of energy is expended in the change, and 
subsequently takes the form of heat. Hysteresis is 
a kind of molecular friction which must be over- 
come in order to magnetise or demagnetise any 
substance. It increases with the intensity of 
magnetisation, but is not proportional to it, and 
it also increases as the speed of reversal of the 
magnetism in the substance is increased ; to keep it 
small, these should therefore not be large. In order 
to overcome both these heating difficulties, the 
armature core might be made up of thin insulated 
plates, the laminations being in the direction of 
rotation and of the lines of force ; it might also be 
built up of wires, but the resistance of the magnetic 
circuit might thereby be increased, and the number 
of lines of force passing through the coils he thus 
diminished. 

The effect of subdividing the iron core of the 
armature can be most forcibly impressed by. con- 
sidering the actual figures obtained in the testing 
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637-5 watts per H.P. 
746 watts, 

429-4 X 100 


And since one horse-power 

the efficiency of the old 
type .... 


the efficiency of the new 
type . 


of a Brush dynamo designed for running sixteen 
arc-lamps. In the first case the core of the arma- 
ture consisted of a solid iron casting with a number 
of grooves which partially prevented eddy currents, 
and in the second case the armature was built up 
of wr ought-iron ribbon conveniently bound together, 
(Both these types will be illustrated and fully 
described when dealing with the Brush dynamo. It 
maybe mentioned that the cast iron was the original 
form of the armature, and in the smaller machines is 
still retained ; but in the larger dynamos the newer 
form is used.) In the two cases the field-magnets 
and winding on the armatures were identical, the 
sole difference between the two dynamos consisting 
in the difference between their armature cores. 

An armature with the old form of core could not 
be run at a speed over 800 revolutions per minute 
without undue heating, and at that speed it would 
give a current of 10 amperes and an E.M.E. of 730 
volts. At the same speed the new form of arma- 
ture gave 10 amperes and 1,020 volts. The old 
armature absorbed 17 horse-power, whilst the new 
one took only 16. The power obtained from each 
armature per horse-power expended in driving it 
is therefore : 


The difference between these two efficiencies ob- 
tained from two machines in which the cores of 
the armatures alone were different cannot fail to 
impress the importance of thoroughly laminating 
the armature core, so as to avoid eddy currents. 
The higher efficiency was no doubt partly due to 
the improving of the magnetic circuit by substitut- 
ing wrought for cast iron; but it was principally 
due to the avoidance of Foucault currents and 
unnecessary heating. 


THE MAGNETIC CIECUIT. 

The E.M.F. generated by the cutting of lines of 
force is independent of the resistance in circuit, and 
depends only— with a given armature— upon the 
speed of rotation and the strength of the field, and 
is directly proportional to both. It is therefore 


From the old cast-iron 730 x 10 
type ... 17 ’ 

== 429*4 watts per h.f. 
From the new laminated 1,020x10 
type 


desirable to provide as strong a field as is possible, 
and to provide it at the smallest possible cost. 

The field might be provided by permanent steel 
magnets, which, after the initial expense, require 
no further expenditure to keex) up their strengtli ; 
they are, however, far weaker than electro-magnets, 
and consequently any machine in which tliey are 
used .must of necessity be correspondingly lax-ger 
than one in which electro-magnets are used, in order 
to do the same amount of work; besides, the 
strength of a steel magnet is uniform, whilst that 
of an electro-magnet is variable, though perfectly 
under control. The electro-magnet requires an 
initial expenditure of energy to excite it, and a 
constant expenditure to ixiaintain that excitation ; 
but the intensity of field which can be obtained 
by its use far more than counterbalances this un- 
avoidable loss. 

The strength of the field is measured by the 
number of lines of force that pass through one square 
centimetre of cross-section ; where one line passes 
per square centimetre the field is said to be of unit 
strength. Any magnetic substance, such as iron, 
nickel, etc., placed in a field will have lines of 
force passed through it, and will have more lines 
per square centimetre than had passed througli the 
original space. This property, possessed in varying 
degrees by all magnetic bodies, is known nsperme- 
aUlity ; the lines pass with greater facility through 
such substances than they do through air, a vacuum, 
or any non-magnetic substance ; in fact, these sub- 
stances are more permeable to lines of force than air. 
The coefficient of permeability of any substance is 
the ratio of the number of lines that would pass 
through that substance to the number that would 
pass tlirough a similar quantity of air. It is usually 
known by the letter jjl ; then — 


B 



where B expresses the number of lines per 
square centimetre passing through 
the substance ; or, the magnetic 
induction, 

and H expresses the number of lines per 
square centimetre passing through 
air ; or, the magnetising force. 

This quantity, varies for each substance, and 
even for the same substance it is not a constant, 
but changes for each degree of magnetisation to 
which the substance is subjected. A thorough 
knowledge of these two quantities, B and H, forms 
the basis of dynamo design ; and during the past 
few years much good work has been done by Bidwell, 
Rowland, Hopkinson, Ewing, and others on this 
subject. The highest values obtained for B witlx 


TECHNICAL EDUCATION. 


321 




wougM-iron were, .according, to: Bid well, 19,820 
"•lines ■ per square:''' centimetre., ' Eowiand gives 16,600, 
'Kapp 16,740, Hopkinson 18,250, whilst Ewing has sno- 
ceeded, in exceptional circumstances, in obtaining 
40,000. 


TIGHNIOAL ' EDUCATION':' 

IN THE COLONIES., 

By H. W. Just. 

In the large self-governing colonies — in Canada, 
in Australasia, and at the Cape of Good Hope — 
what has been done in the way of promoting 
technical education may be conveniently grouped 
according to these three natural divisions, but space 
will only permit of a brief statement of the salient 
facts with regard to each Colony. In these Colonies, 
as in the United Kingdom, the beginnings of tech- 
nical education as such are comparatively recent. 

CANADA, 

By the British North America Act of 1867 con- 
stituting the Dominion, education in Canada is left 
entirely in the hands of the Provincial Governments. 

The Provinces of Ontario and Quebec (formerly 
Upper Canada and Lower Canada) contain the 
larger part of the population and the chief manu- 
facturing centres, and in the first of these two 
Provinces the most systematic provision is made for 
technical education. Drawing has been compulsory 
in the primary and high schools of Ontario since 
1885, and also in the primary schools of Quebec, 
but no special manual instruction has been intro- 
duced in either Province. 

Ontario . — The Ontario School of Art, under the 
direction of the Provincial Minister of Educa,tion, 
aims at preparing teachers of industrial drawing in 
public and high schools, mechanics’ institutes, and 
art schools ; and also at providing technical instruc- 
tion for those employed in the trades and manu- 
factures requiring artistic skill. The art schools 
(organised and managed by the Education Depart- 
ment since 1885), the mechanics’ institutes, as well 
as the various high schools and colleges, present 
a large number of candidates for examination in 
primary, advanced, and mechanical drawing. 

The Ontario School of Practical Science, affiliated 
to the University of Toronto in 1889, has five 
regular departments, in which diplomas are 
granted, viz., civil (including mining) engineering, 
mechanical and electrical engineering, architecture, 
analytical and applied chemistry, assaying metal- 
lurgy and mining geology. Other university colleges 
are the Victoria University (Wesleyan); Queen’s 
^Universloy, Kingston (Presbyterian); the College 
of Ottawa (Boman Catholic), which have scientific 

21 


courses of study (including the applied sciences) 
and are empowered to grant science degrees. At 
Woodstock, one of the constituent colleges of 
McMaster University (Baptist), a manual training 
department has been instituted, with the necessary 
workshops, machinery, and other appliances. 

The Ontario Agricultural College and Experi- 
mental Farm, the best institution of the kind in 
Canada, well organised in all respects, was estab- 
lished in 1874, near the city of Guelph, the farm 
consisting of 550 acres, about 400 of which are 
cleared. At the end of a two years’ course of study 
a diploma is granted. Students of a certain stand- 
ing and proficiency may remain for a third year. 
The college became affiliated in 1888 to the 
University of Toronto, which grants the degree of 
Bachelor of Science in Agriculture, on examination, 
to students of the third year. Students consist of 
the sons of farmers from seventeen to twenty-three 
years of age. They are required to work in the 
outside departments— farm, livestock, gardens, car- 
pentry shops— and in experiments. The model 
farm challenges comparison in America for the 
variety and excellence of its stock for breeding. 
There is ground for field experiments, and instruc- 
tion is given in horticulture, including grafting, 
budding, etc. The net expenditure on both college 
and farm is about £8,000 a year. 

Quehec . — In the Province of Quebec the Council 
of Arts and Manufactures directs evening schools 
in Montreal, Quebec, and other centres. The sub- 
jects of the classes held, e.g., in Montreal in the 
session 1889-90, were freehand, mechanical, and 
architectural drawing, lithography, modelling and 
wood carving, decorative painting, stair building, 
pattern-making, plumbing. Promising pupils fre- 
quently go on to Paris. 

Three small agricultural schools exist at St. Ann, 
Bichmond, L’Assomption, wdiich are not popular 
with the farmers ; there is no organised central 
school like the Ontario Agricultural College at 
Guelphw A separate experimental station has been 
established at St. Hyacinthe. 

At the McGill College and University, Montreal, 
the faculty of applied science provides a thorough 
professional training, extending over four years, in 
civil and mechanical engineering, mining engineer- 
ing and assaying, practical chemistry, and electrical 
engineering, leading to the degrees of Bachelor of 
Applied Science, Master of Engineering, and Master 
of Applied Sciences. For the session 1891-92 there 
were seventy-five students in applied science and 
ten partial students. 

To the Laval University (Boman Catholic) was 
affiliated, in 1887, the Montreal Polytechnic, 
founded in 1873, which has a three years’ course 
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and grants a diploma in engineering. Its special 
object is to impart scientific and technical iiistrac- 
tion necessary in the professions, particularly the 
engineering profession (including surveying, bridge 
and road construction, etc.). 

In ^'^ova> Scotia half the scholars on the register 
in the common schools are taught drawing, and 
a summer school of science is held for teachers 
for a fortniglit. The Victoria School of Art and 
Design at Halifax has an attendance of about 100 
students, and at Truro a provincial school of agri- 
culture has recently been started. 

In the other Provinces no special attention has as 
yet been devoted to technical education, and the 
same is true of the Colony of Newfoundland. 

Mxjjerlmetital Farms.— To promote the success of 
Canadian agriculture the Dominion Government 
has supplemented the provincial institutions by 
establishing a system of experimental farms 
throughout the Dominion which are available for 
tests and for all kinds of experimental work, but do 
not take pupils. The Central Farm of 5CK) acres, 
just outside Ottawa, is a complete trial farm with 
all arrangements of the newest type. The director 
of this and of the other experimental farms resides 
here, as well as tlie agriculturist and dairy com- 
missioner, the entomologist and botanist, the chemist, 
the horticulturist, and poultry manager. All those 
who are on the staff are utilised as lecturers at 
agricultural meetings throughout the country, and 
their work is thus largely educational. There is a 
well-equipped laboratory for the whole range of 
agricultural experiment, its results available free of 
charge, and a museum. The other Government 
experimental stations are at Nappan, Nova Scotia, 
for the Maritime Provinces ; at Brandon for Mani- 
toba; at Indian ‘Head for the North-West Terri- 
tories; at Agassiz for British Columbia. Several 
travelling dairies, provided by the Dominion Govern- 
ment with lecturers giving practical demonstrations 
as to milk-testing and the manufacture of cheese 
and butter, are at work throughout the Provinces. 

AUSTEALASIA. 

South Wales . — In this colony, perhaps more 
than in any other, the grading of technical educa- 
tion from the lowest step upwards has been acknow- 
ledged as the object to be aimed at, public opinion 
having been stimulated by the elaborate and ttseful 
reports of Mr. Combes, and taught not to rest 
satisfied with anything less than a thoroughly 
organised system. In November, 1889, a separate 
Technical Education Branch of the Public Instruc- 
tion Department was instituted in place of the 
previously existing Technical Board. The course 
of study and standard of proficiency for primary 


schools were carefully revised, and additional pro- 
vision made in them for systematic preliminary 
instruction in kindergarten, drawing, agriculture, 
manufactures, etc. Steps were also taken to 
improve the practical training of boys in gardening, 
bee-keeping, and the use of ordinary tools; of tiie 
girls in sewing and cookery. Tims, the circular to 
public school teachers of Ai>ril 21, 1890, enjoining 
upon them the need of giving thoroughly practical 
lessons in agriculture and horticulture, says: 
is therefore x 3 roposed to set apart a portion of the 
playground for the formation of flower and veget- 
able gardens, and, where practica]>le, for the 
keeping of bees. The planting of fruit or shade 
trees, the cultivation of grain, etc., or of live fences, 
and the erection of bush-houses, are matters that 
could be well taken up. The work should be done 
by the children, under the direction and su 2 :)ervision 
of the teacher.” This is in keeping with the observ- 
ance of Arbor Day— a festival widely celebrated 
in May throughout Australia as wxdl as Canada — 
representing our school picnics, but with the addi- 
tion of a beautiful practical ceremony. 

According to the rej^orts for 1891, manual train- 
ing classes were in operation in two schools with 
highly satisfactory results. There are cookery 
classes in public schools with 550 students, and 
740 learn shorthand. Drawing and needlework are 
well attended to. 

The work of the Sydney Technical College, with its 
six branch schools at Petersham, Newcastle, West 
Maitland, Goulburn, Bathurst, Broken Hill, and of 
the suburban and country classes is increasing by 
leaps and bounds. Tliere were 295 classes with 6,688 
students for 1891. about half of these are examined. 

They include foundry, pattern shop, smith’s shop, 
boiler shop, fitting and turning shop. The last is 
75 feet by 45 feet, and can accommodate about 
140 students working simultaneously. The classes 
connected with the technical college are arranged 
under twelve departments, viz., agriculture, archi- 
tecture, art, chemistry, commerce, domestic science, 
geology and mineralogy, mathematics, mechanical 
engineering, pharmacy, physics, and sanitary en- 
gineering, and arrangements for the addition of 
new departments — electrical engineering, civil 
engineering, wool, and jmnting — during 1892 were 
made. Thirty-one candidates from the college j^assed 
thetechnological examinations of the Cityand Guilds 
of London Institute, and its art students did well 
in the South Kensington examination. The Techno- 
logical Museum is a valuable adjunct, and branch 
museums have been established at four other 
centres. The expenditure on technical education 
was £37,601 in 1891, of this £3,721 was received iip 
fees. The cost of buildings is separately providedfor. 
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An agricultural department was not established 
*until February, 1890, though previously there had 
been classes in the principles of agriculture under 
the Technical Education Department, The Hawkes- 
bury Agricultural College and Experimental Farm, 
Richmond, was started in March, 1891. Students, 
who must be between 17 and 25 years of age, pay 
£25 per annum for maintenance and education, and 
there are six bursaries of this amount. The course 
extends over two years, and at the end a diploma 
is granted. Sites for farm schools for boys from 
14 : to 17 have been set apart, and also for four 
experimental farms. 

tSydney University has a faculty of science and a 
department of engineering, and grants a degree 
in engineering, either for civil and mechanical 
engineering or for mining engineering. 

Technical instruction is not formally 
allied in any way to the State School programme.” A 
large number of teachers have been trained in the 
kindergarten system, and paid teachers (either 
visiting or qualified staff teachers) give instruction 
in drawing to the fourth and higher classes. 

The schools of mines and technical schools 
(schools of design, working men’s colleges, etc.) — 
all now brought under the Education Department 
of the colony — have been liberally supported by the 
Oovernment, which has given grants in the lump 
in aid of maintenance or for buildings. Thus, in 
1890-91, £38,000 was expended in aid of nineteen 
institutions in all-half for maintenance, half for 
buildings. But there has not been sufficient regula- 
tion of the aid according to the merit of work 
done. 

Systematic science and art classes are to be 
found in the Working Men’s College, Melbourne, 
and the Gordon Technical College, Geelong, and in 
several similar institutions ; hut, apart from these, 
separate schools of art and design are established 
at no less than eleven centres, whose students 
submit themselves to the local South Kensington 
examinations. 

The Victorian Schools of Mines have all along 
taken the lead and hold the first rank for com- 
pleteness. They provide theoretical and practical 
instruction, not only in all subjects connected with 
mining pursuits, but also in the arts and sciences 
generally. Those at Ballarat and Sandhurst were 
established so far back as 1870 and 1873. At 
Ballarat, in connection with the Assay and Metal- 
lurgical Department, the mining laboratory is 
equipped with machinery and appliances for the 
reduction of quartz, and practical treatment of gold 
ore, and auriferous mine j^roducts; also a model 
mine is in the school gi-ounds, with pumping and 
winding gear attached. At Sandhurst, besides 


the chemical and metallurgical laboratories, there 
are workshops for practical instruction in the 
mechanical arts and trades— e.y., wood carving, 
engineering, smith and iron work, brass casting and 
metal work generally. The annual Government 
grants to the Ballarat and Sandhurst schools are 
£2,000 and £3,000 respectively. The Industrial 
and Technological Museum at Melbourne, opened 
in 1870, contains a most comp] ete mineral collec- 
tion, and class lectures are given there on chemistry 
and mineralogy. The colony possesses two agricul- 
tural colleges and experimental farms — Dookie and 
Longerenong — opened in 1886 and 1889, with accom- 
modation for forty and thirty students respectively. 
They have been endowed by a grant of 150,000 
acres of land, and involve a net annual expenditure 
of between £5,000 and £6,000. A payment of £25 
per annum is required for each pupil. 

Melbourne University, to which is affiliated the 
Ballarat School of Mines, grants degrees in civil 
engineering. The course of study for the Bachelor’s 
degree is one of four years, and may be taken as 
representing the courses prescribed in the Universi- 
ties of Sydney and New Zealand. The first two 
years are occupied with mathematics, natural 
philosophy, and chemistry. For the third year 
the subjects are — advanced surveying, mechanical 
drawing and descriptive geometry, applied 
mechanics, civil engineering (Part I.), drawing and 
quantity surveying. For the fourth year the 
subjects are; — Group I., Mechanical engineering, 
civil engineering (Part 11.). Group II., Hydraulic 
engineering; architecture, practical, historical, and 
sesthetic ; mining and metallurgy. 

South Austmlia , — Practical work in gardening 
and tree-planting is carried out in connection with 
the schools, and pupils are prepared to compete 
for scholarships for the Roseworthy Agricultural 
College. This has been established since 1888, 
with a two years’ course in practical and scientific 
farming, and a considerable amount of experi- 
mental work is done there. 

The School of Mines and Industries (started in 
March, 1889), to which is attached the Techno- 
logical Museum, provides for a three years’ course, 
and its cost is met out of an annual maintenance 
grant (£3,000) and fees (about £1,000). The 
subjects taken by the classes include machine 
construction, pattern-making and shop drawing, 
and assaying and metallurgy. The School of 
Design, under the director for technical art, with 
branch schools at Port Adelaide and Gawler, con- 
fines itself to the artistic side of technical educa- 
tion. Students from the art schools, as well as 
from a number of secondary schools, present them- 
selves for the South Kensington Science and Art 
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Examination, and for the local examinations con- 
ducted on simihir lines. 

At the Adelaide University, which has a science 
faculty, engineering is encouraged by an Angas 
scholarship (£200 for three years), and exhibitions 
(one each year of £60). 

Queensland, --'M.echsimcB, domestic economy, and 
needlework are taught in the State schools, but 
direct technical education is not yet provided for 
by the law, and the state of the public purse forbids 
the expense. 

A vote of £5,000 was in 1891 passed for the pur- 
poses of an agricultural college, but the finances of 
the colony do not admit its immediate inauguration. 
The Curator of the Botanic Gardens carries on, 
with much success, horticultural classes for the 
more promising pupils attending the State schools. 
On Arbor Day (May 1) there were planted in the 
school grounds of the colony 4,968 trees, 365 shrubs 
and vines, and 27 flower beds were laid out. Two 
travelling dairies and a peripatetic iniueralogical 
lecturer are supported by the Government. The 
visitors to the Queensland Museum within the year 
numbered a fifth of the population of the colony, 

Tasmania has been hitherto in some respects 
backward, and drawing has been taught in very few 
schools. Some good work has been done by the 
Hobart and Launceston Technical Education Com- 
mittees, and the Government are now making 
better provision, and have included in the estimates 
for 1893 a vote of £3,000 for a separate technical 
education branch of the Education Department, 
out of which small grants will be made to country 
technical schools, as w-ell as to those at Hobart 
and Launceston, and for technical teaching in 
State schools. 

In Kem Zealand the State schools are under the 
Education Boards of the several districts, who 
receive capitation grants from the Colonial Govern- 
ment. Practically all the scholars are instructed 
in drawing, but no manual work has been intro- 
duced, excepting needlework. In the case of two 
or three of the secondary schools, there is a work- 
shop or a carpentry class. The technical .school 
at Wellington and the school of art, Otago (Dune- 
din), are two flourishing institutions presenting a 
number of pupils for South Kensington certificates. 

The principal schools of mines are at Thames, 
Keefton, and Dunedin — the last being attached to 
the University of Dunedin; but there are also 
several minor schools elsewhere. At the Thames 
school the syllabus for 1891-2 included lectures 
and instruction in practical assaying and metal- 
lurgy, chemistry, practical and theoretical, miner- 
alogy and blowpipe, geology and geological 
surveying, mining, land- and mine - surveying, 


mechanical drawing. To the New Zealand I'lii- 
versity (incorporated in 1<S74) are affiliated ihr 
University College, Auckland, the Canterbury 
College, Christchurch, the University of 
Dunedin. The university issues certificate- iu 
engineering after a four-years’ course, anil has 
establi.sbed a complete curriciilom in engineering 
and technical science. The (’antorbury College 
possesse.s a school of engineering and technical 
science, a museum, a school of art, and a school of 
agriculture at Lincoln. The Dunedin Uinversity in 
its completely equipped mining school, with a full 
.staff of lecturers and professors, meets the require- 
ments of all classes of .students. 

CAPE COLOXT. 

The educational problem in Cape Colony presents 
special difficulties, owing to the large coloured 
poxmlatioii and to the necessity for educating white 
and black children in separate schools. Front the 
report of a Commission issued this year (1892). 
wdiicb deals with technical education in connection 
with the general question of education, it is apparent 
that its foundations have yet to be laid, in the 
primary schools, drawing has not been sufficiently 
attended to — it was taken by only 0,156 .scholars in 
1890, whilst 36,0(X) took music, and 18, (KX) (girls) 
sewing. In the majority of schools, elementaiy 
science is either ignored or taught perfunctorily. 
The Government grants £50 to certain schools in 
aid of what is called a “ trade class.” Where ad- 
vantage is taken of the grant, this repre.sents, for 
the boys, a carpenter’s shop ; for the girls, a dress- 
making class. 

Industries in the colony are iu their infancy, 
and the proportion of lads wdio learn trades is 
small. In Basutoland native children have been 
taught building, shoe-making, tailoring, and turning, 
as well as farming and gardening as part of their 
education ; and following this line, the Commission 
reports in favour of village technical schools suited 
to an agricultural and pastoral community. One 
of the larger secondary schools (Graaf Reinet) has 
just sent to England for a technical instructor. 

There are two Government agiicultural schools. 
The School of Agriculture and Viticulture at Stellen- 
bosch with a two years’ course of study, and an 
experimental field and dairy. Full time students 
in 1890 were thirteen. 

The School of Agriculture at Somerset East had 
nineteen students in 1890, but these do not devote 
their time so exclusively to agriculture. There is an 
experimental garden, and a school dairy has recently 
been added. Instruction in bee-keeping is given 
both here and at Stellenbosch. Three bursaries of 
£20 each are offered by the Government. ^ 
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Since 1887 the chemistry of metallurgy and 
•dissaving has been taught practically at the labora- 
tory of the South African College, Oapetown, In 1890 
there were twenty-one students ancl'an equal number 
were taking laboratory chemistry at the Diocesan 
College, Rondebosch. The Cape University grants 
a certiiicate of proficiency in the theory of land- 
surveying and an arts degree in mathematics and 
natural science. A school of mines for the colony 
has been proposed for some time, and Mr. Cecil 
Rlmdes, the Premier, held out hopes, but the Com- 
mission in 1892 reported against the establishment 
of a school of science with special adaptations to 
sciences connected with mining industries, as a 
premature step. 

THE CROWN COLONIES. 

In Ceylon a technical school is just being started 
at Colombo under an instructor sent out from 
England. Hitherto some instruction of the kind 
has been provided by the chemical laboratories of 
the higher schools, the railway workshops, Govern- 
ment factory, etc., and these will continue to be 
utilised. A school of agriculture has been estab- 
lished for some time at Colombo, from which 
agricultural instructors .go out into the country dis- 
tricts. The number of students for 1891 was twenty- 
six, besides those in branch schools. There is also a 
good museum at Colombo. At Moratuwa the 
colleges endowed by Mr. C. H. de Soysa, a muni- 
ficent native gentleman, have done good work in 
promoting village industries, that of carpentry in 
particular. It should be added that a Gilchrist 
scholarship in engineering is awarded once in 
three years to a native of Ceylon on the results of 
the Cambridge Senior Local Examination. 

In Mauritius deserving scholars are admitted 
as apprentices at the railway workshops and at 
the Botanical Gardens (twenty-three and eight re- 
spectively for 1891), and there are four needlework 
apprenticeships for girls. A scheme for technical 
education recently proposed was, that a school 
should be started in which certain artisans should 
be paid to exercise their trades to train the eyes 
and hands of pupils who, having passed the fourth 
standard, are unable to study for the higher 
standards through poverty or other causes. 

In the West Indies little has hitherto been done, 
and the depression in the sugar industry has not 
permitted the consideration of any costly new 
departure, but there are signs of awakening interest. 
In Barbados a committee on technical education has 
reported in favour of establishing a school for 100 
boys, between fourteen and fifteen years of age on 
admission, to be under apprenticeship for five years, 
“find to be boarded and lodged at the public expense. 


They would be admitted by competitive examina- 
tion, and choose a trade, and stick to it for the five 
years ; the twenty first boys to be taught carpentry 
and masonry. 

The Government of the Leeward Islands is 
taking up the question of agricultural instruction, 
and has secured the necessary powers to give 
industrial or technical training in any public 
elementary school. In British Guiana the Govern- 
ment encourages certain industrial schools by 
grants of 200 dollars, and there are some agricultural 
schools. 

In Malta it has just been arranged to establish 
a school for technical instruction in connection 
with the railway. The apprentices are to be 
employed at first upon repairs of engines and 
carriages- Their education is to he continued, and 
special attention will be given to their instruction 
in drawing. 

On the West Coast of Africa (Sierra Leone, Gold 
Coast Colony, Lagos) considerable attention is 
given in the elementary schools to domestic economy 
and sewing. In Lagos 61 per cent, of the girls on 
the register are taught sewing. At the Gold Coast 
the rudiments of agriculture are imparted in almost 
all the schools, and a beginning has been made in 
handicraft work (carpentry) and in practical 
cookery. Educated native opinion is fully alive to 
the need of something more than a merely literary 
education. 
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By a. Practical Plumber. 

(Continued from p. 26S.) 

PIPE FIXING, ETC. 

Pqye Fixing^ Astragals and Taclts . — The pipes, 
the making, bending, and jointing of which we have 
been studying, require to be fixed sometimes to 
wood, sometimes to stone or brick, both inside and 
outside of ouildings, and various methods have to 
be adopted according to the requirements of the 
situation. One of the most usual methods is by 
means of “ tacks ” soldered to the back of the pipe 
in various ways. 

Figs. 72 and 73 represent what are known as 
single and double tacks. Figs. 74 and 75 are secret 
tacks, and Figs. 76 and 77 fancy or ornamental 
tacks. Single tacks are fixed as shown, one on 
each side alternately, commencing a few inches 
from the top : 4 should be fixed to each 10-foot or 
12-foot length of pipe ; double tacks are fixed at 
top and bottom. Wall hooks are then driven in, as 
shown in Figs. 72 and 73, and the half-flap Bis 
folded over the wall hooks, and lightly dressed 
close : some leave an extra flap, as shown at w (Fig. 
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73), and after the flap B has been closed down, this 
piece is bent down over it, thus helping to keep it 


w^ali, the same result is obtained in a different way 
(Fig. 75). In this case a stout strip of lead or lead- 
pipe flattened is soldered to the back of the pipe, 
and brought up several inches above the top of the 
pipe, and then screws used instead of wall hooks. 



Fig. 7i2. 

close, as well as preventing the rain and snow from 
rusting off the heads of 
the wall hooks or nails ; 
this is a very good plan. 
Secret tacks are used 
when the pipe is fixed 
in such a position that 
ears or tacks of the 
ordinary kind are not 
admissible. Many peo- 
ple object to the tacks 
being seen on each side 
of the pipe. Secret tacks 
may be made by cutting 
away the front of the 
pipe, as shown in Fig. 
74, so as to leave a kind 
of lug or ear at the back ; 
this is fastened to the 
wall dvith wall hooks, 
and then when the next 
Fig. 74. Fig. 75. length is put in the 
hooks are not seen. When pipes have to be 
fixed to wood, for instance, a boarded chase in a 



Fig. 78 . 

pipe, but hooks are better, as being wider they 
afford much more support to tlie pipe. 

Ornamental tacks are made by setting out some 
geometrical pattern on the centre line of each tack, 
as shown in Fig. 78. When cut out and doubled 
over, it will be as Fig. 77. This is a very simple 
design, but they can be cut to any pattern according 
to the taste of the workman. 

Sizes of TueJiS , — As a general rule the length m 
the tack or ear (that is, measuring in the same 
direction as the pipe runs) should be twice the 
breadth of the pipe, and its w'idth 14 times the 
diameter, exclusive of the piece that is soldered at 
the back, which in the case of a 4-inch pipe -would , 
be about 1| inch. Thus a x)air of tacks for 4dncli 
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pipe would be cut x 8 inches ; some might cut 
t»hem e%’eii larger than this, but too wide tacks do 
not look well, especially when plain. 

Fixbuf the I'acM to Pij)es , — This is done by wiped 
soldering as follows. Take a length of soil-pipe, 
shave and soil it if for double tacks as Fig. 79, 




shave the tacks 1 inch 
wide, and slightly bend 
the shaved part back so 
that a V-shaped body of 
metal may join them to the pipe, as shown in sec- 
tion (Fig. 80). Rest the pipe on the blocks as in 
soldering the seams, and block up the tacks to 
them; hx so that they will 
not shift in wiping ; tiien, 
ladle in hand, splasii on to 
get up the heat, and when 
the solder is nice and soft, 
wipe quickly, and cut ofi: sur- 
plus metal at the ends with 
a chipping knife (Fig. 81). It is important that 
these tacks should be soldered securely, so be 
sure that the parts are well “ tinned ” before com- 
mencing to wipe. 

Another kind of tack is known as the band 




Fig. SI. 

tack : this, as its name implies, is a band of lead 
bent round the pipe with a slot cut out of if in 
front which is wiped to the pipe — useful for 
places where it is not practicable to get xjipes 
through with ears soldered on, also when additional 
tacks are required to be fixed : it is shown at 
Fig. 82, and requires no further explanation. 

Taclis to Small Pipes . — In fixing small pipes, 
such as service pipes, supply pipes to w.c.'s from 
cisterns, waste.s, etc., many plumbers use wall 
hooks or pipe hooks, driving them so tightly into 
the wall as to hold the pipe firmly. This is 
wrong. Two reasons will .show that it is so. 
First, there is a risk of flattening the pipes to a 
certain extent, either by driving the hook in too 
or by a miss blow from the hammer, and 


there is also a risk of damaging the pipe with the 
sharp edges of the hooks ; so that while iron pipe 
may safely be secured in this way, it is certainly 
best to fix small lead pipes 
with tacks the same as just 
described. 

Fig. 83 shows a horizontal 
line of pipe with three me- 
thods of supporting it: 1 
is a tack soldered at tlie 
back, 2 is a band tack, 

3 a sling tack, any one of 
which is preferable to pipe 
or wall hooks. 

An error of judgment the 
writer has frequently seen 
in pipe fixing is when a 
pipe, passing through a 
wall, is continued down- 
wards, perhaps 20 or 30 feet 
or more, and the work- 
man, not knowing or not pro^Derly appreciating the 






Fig. 84. 


effect of the weight of such a length of pipe, he con- 
sequently merely drives in two or three ])ipc hooks 
down the vertical length, 
which may or may not grip 
it firmly : if they do not, 
and if by any means (such 
as vibration in the pipes) 

they become 

loose, the weight 
of the pipe" will 
flatten it at the 
bend, diminish- 
ing its effective 

service to perha]ps half what it 
should be ; with soldered tacks this 
could not happen. 

Astraffal Joints . — Astragals or 
bands are usually placed at the top 
of each length of pipe for a sort of 
relief or ornament, as well as for 
strengthening the pipe. Fig. 84 
shows a pipe with astragals ; Fig. 
85 is a section of the astragal. 
They are bent round the pipe and 
soldered to it ; sometimes they are 
formed from pieces of or |-mch 
lead pipe, but the proper cast strips are the best. 
An astragal joint is made by cleaning the inside 
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will, bar accidents,, last hundreds of years, whilst I 
think most in the trade will agree that if we allow 
fifty- years .'for the life (if we may so .term it) of a 


of the lower pipe and the top of the astragal and 
the lower part of the entering pipe and solder- 
ing it to both the jhpe and the astragal, as shown 




cast-iron pipe, it will be a fair estimate. Some pipe 
would not last twenty years. However, to return 
to the fixing, Figs. 8G, 87, 88 are illustrations of 
patent bands and ears for the purpose of projecting 
pipes from walls, and Figs 89, 90, 91 show them in 
section. Fig. 8G is a plain band through which the 
pipe is slipped and is supported by the socket as 
shown in section (Fig. 89), In Figs. 87, 88 it will be 
seen that the bands are in two halves. Fig. 91 has 
no ears, but is built into the brickwork or masonry 
and can project any required distance. These 
patent bands can be had with or without bats for 
building into the brickwork, jind there are other 
designs, but these will suffice to illustrate the mode 
of fixing them. Messrs. Stevens Bros, make them, 
and they certainly mark an advance in the fixing of 
iron pipe. 

For setting the ordinary pipe with ears away 
from the wall, a round and slightly tapering 
block of cast-iron is placed betw^een each ear 
and the wall, and nails driven through into tlie 
wall. When cast-iron pipes are used for conduct- 
ing soil, all joints must be properly made: it is 
not sufficient to just daub a little red lead cement 
round the top of the socket, 'which, I am sorry 
to say, is all that many workmen do. (^See “ Lead 
Caulked Joints,” p. 137.) 


in section CFig. 85), either by fine soldering or 
wiping. Lead pipes should never be fixed wffiere 
the sun will shine full on them if it can be 
avoided, as the heat will expand and warp them ; 
where this is unavoidable, the joints must be slip 
joints, that is, each length laps in the other 
about 3 inches ; of course it will not do to fix 
soil pipe in this style, unless on a wall where there 
are no windows. The plumber has frequently to 
make use of iron pipes both for soil and also for 
rain water : these are made with a socket and ears 
and are fixed with proper stack pipe nails. The 
latest improved method of fixing this kind of pipe 
is to keep it away from the wall an inch or two. 
The backs of the pipe can then be seen, and they 
can easily be got at to be painted, -which must be 
done at not long intervals if the pipe is to last any 
length of time. Even then cast-iron pipes are not 
very long-lived comparatively speaking, for there 
is a constant corrosion and eating away from the 
inside unless galvanised, and then of course they 
last somewhat longer ; but I cannot help saying that, 
however suitable they may be on account of their 
moderate price, as compared with lead for such 
work as small houses and villas, it is a great 
mistake to use them on institutions, mansions, etc., 
as I have seen them used. Good stout lead pipe 
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, , By WiLLiAjr Hewey Greenwood, 

F.C/.6'., M.Imt.C.E., M.IJEE.y Assoc. Royal School of Mines. 
IContinued from p. 26i.] 

CRUCIBLES. 

Steehmeltmg Cmcihles or pots are of the form 
and i^ro^oitions (F%. 3). They 

measure from 16 to 19 inches in height, are 
ahout 9 inches in diameter at the widest part, and 
from 6 to 8 inches in diameter at the mouth ; they 
are capable of holding charges of about 75 pounds 
of bar-iron or blister-steel, previously sheared into 
, small pieces. These 

I I ^ crucibles, when in the 

1 1 jl® furnace, stand upon a 

|j 1 11 ‘ conical foot or stand 

ill I Im 0^) for raising the pot 

l\ lim above the furnace bars, 

gV y® and also to enable the 

hole in the bottom of 

^ hand-made crucibles 

Fig. 3 ,—Steel-meltino . Cruci- , ' , , , , 

ELE, COVEE, AND St.«D. ^ ^6 Stopped With 

sand before metal is 
charged into them. After the charge has been in- 
troduced into the crucible the mouth is covered by 
a loose lid, <? ; this and the stand d being made 
also of fire-clay, but of a somewhat cheaper variety 
than the pots themselves. It is the practice on the 
Continent, where machine-made pots with solid 
bottoms are employed, to make the lid e with a 
small hole through its centre, which is closed by a 
loose central stopper. 

Hixtures of clays are preferred for making cru- 
cibles : thus, for those used in the melting of steel, 
one mixture consists of 5 parts of Stourbridge-clay, 
5 of china-clay, 1 of old ground pots freed from 
adhering slag, and If parts coke dust. These in- 
gredients are ground fine, so as to procure uniform- 
ity in the size of the particles, and are mixed on the 
floor, where water is thrown over them, and the mass 
is systematically kneaded by workmen treading it 
barefooted for several hours, the clay being turned 
over with the spade at intervals ; the mass is then cut 
up, and weighed into portions called each suf- 
flcient for one pot (crucible) ; each is worked 
by hand on the table or bench before being thrown 
into the well-oiled flask, If (Fig. 4). The plug, a, is 
then forced into the mass of clay by alternately lift- 
ing it up and pressing it down again, the concluding 
pressure being obtained by striking the plug two or 
three smart blows with a large wooden mallet. In 
this manner the clay rises all around the plug, and 
fills up accurately the space between the inner sur- 
face of the mould or flask and the body of the 
f)lug. Finally, by a dexterous twisting movement 


of the plug, which is at the same time lifted up- 
wards by a pin passing through its eye-stud, d, it is 
withdrawn, leaving the clay in the form of the 
crucible inside the flask. After extracting from the 
flask a mould of tin-plate of the form of the 
f rustrum of a cone is placed 
upon the mouth of the 
crucible, pressing it in- 
wards to the form shown |p|jr| iSK 
in Fig. 3. The crucible is I , ^ 

then removed by carefully j 

lifting it with the aid of a . |l|||l I |H»| 
pair of sheet-iron plates, Kir , 

fitting around the sides of Kl ! 
the crucible, and it is placed |^k, 
upon the shelves in the pot- ||3 
house, where the crucibles Wm I BK 
are allowed to dry slowly 

for from twenty-four to ^g. akd Pu-q 

forty-eight hours, before foe CEuciBLE-MAKisa. 
they are removed to the 

shelves around the steel-house, where they remain 
about a fortnight, so as to be thoroughly dried. 
Before inserting them into the melting furnace, they 
are annealed for from fifteen to eighteen hours in a 
separate oven, whence they are removed while still 
hot, for insertion into the melting hole or furnace. 

In maoldne-7nade crucibles the operations are the 
same as those above described, except that the plug 
for forming the inside of the crucible is driven into 
the ball of clay thrown into the bottom of the 
mould or flask, and withdrawn by a suitable me- 
chanical arrangement instead of by hand labour ; 
and instead of drying upon shelves, the green cru- 
cibles are removed from the pot-house and arranged 
Upon suitable shelves in a series of chambers, where 
they remain about a fortnight, heated air being in 
the meantime propelled by a fan through the 
chambers, whereby the temperature is gradually 
raised to between 75° C. and 85° C. (167° F. to 185° F.). 

THE blast-furnace. 

The production of pig-iron from the various ores 
of iron comprises: 1st, The prej^aration of the iron 
ores; 2nd, Smelting in the Uast-furnaoe. Of these 
stages, the first-named has already been considered; 
while for the smelting or reduction of the iron ores, 
and recarburisation of the reduced metal to pig-iron, 
with the separation of this latter by fusion from the 
earthy constituents of the ore, it is necessary that the 
furnace be of considerable height, and that a blast 
of atmospheric air be delivered into the same, at a 
pressure sufficient to force it freely through the 
superincumbent mass of fuel and ore in the furnace. 
Further, the twyers through which the blast is 
delivered into the furnace must be laid horizontally, 





for if directed downwards into the bath of molten 
metal, then malleable iron would result, as occurs in 
the Bloomery furnaces, instead of the pig-iron 
required to be produced in the blast-furnace. Ihe 
high blast-furnace appears at present to be indis- 
pensable for the production of pig-iron, although, 
as will subsequently be shown, wrought or maUeable 
iron can be produced directly from iron ores with- 
out the intervention of the blast-furnace. 

The blast-furnace and its accessories occupy a 
very small area, considering the very large amount 

of materials treat- 
ed. Thus, the 
larger Cleveland 
furnaces — one of 
which will treat 
annuallj' about 

120.000 tons of 
materials, consist- 
ing of ores, duxes, 
and fuel, and pro- 
ducing therefrom 
about 25,000 tons 
of pig - iron, or 

60.000 tons of pig- 
iron and slag, 
together — will, 
with the necessary 
stoves, engines, 
kilns, hoists, room 
for storage, and 
other accessories, 
occupy only about 
halt an acre of 

Fig. 5,— Sectional Elevation op ground, and cost 

broadly about 
£25,000 for its 
erection. The labour also connected with the pro- 
duction of pig-iron is small, being for the working 
of two furnaces each producing 450 tons of pig-iron 
per week, three keepers, two slagmen, five fillers, 
and two top-chargers, or a total of only twelve men 
find employment at the furnaces themselves. Such 
furnaces in this country will make about 350,000 
tons of pig-iron before requiring to be relined. 

The modern blast-furnace may be considered to 
be a closed chamber or hearth, whose side walls are 
carried upwards so as toformahody or shaft, which 
is generally circular in all horizontal sections, 
except in the Kachette furnace, which is rectaugular 
in horizontaT section. But the older form of Mast- 
furnace illustrated in Fig. 5 is open at the top, 
and has an internal shape like that of two trun- 
cated cones, & and c, of which the bases are joined 
by a narrow cylindrical belt, a, known as the ^^helhf' 
of the furnace. The upper cone 5 forms the “ staoh ” 


or hody of the furnace, and it is larger and deeper 
than the lower or ^'boshe.%’ e, and ^Yiiile the boshes" 
are built either of fire-bricks or of slabs of a refrac- 
tory sandstone, the stack has an internal lining, r7, 
of from 15 to 18 inches in thickness, of fire-bricks 
set in fire-clay, and outside of which is a casing of 
refractory sand or broken scori®, supported by a 
concentric' wall of brickwork,/; while outside of 
all is the massive , brick or masonry casing, //. 
which is all well and strongly tied together ];y 
■ stout bands or hoops of iron,,/. The masonry 
further prevented from ' splitting during drying or 
heating-up, by building numerous channels through- 
out the outer casing of masonry by \YhicIi the escape 
of water and drying of the furnace are mucli 
facilitated. The upper cylindrical part h of the 
furnace is knownas the^/^m?-#; and in open-topped 
furnaces — that is, such as allow’ the gases and 
flame to escape directly from the throat into 
the atmosphere— the throat is surmount esl by a 
iwnnehhemlf T, of from 8 to 12 feet in height 
and from 8 to 9 feet in diameter, which thus 
serves to carry the Jame clear of the charging- 
holes s, wrhich in such furnaces are built in the 
sides of the tunnel-head. In close-topped furnaces 
the tunnel-head is unnecessary. 

Around the throat of the finmace is carried a 
platform, p, giving a free passage to the barrows 
and waggons conveying the ore, fuel, and fluxes to 
the charging apparatus. The boshes, c, slope 
gradually to the hearth, li. In the heavy foundation 
of fire-stone or fire-brick, arched galleries, X, arc 
left for taking awmy moisture and keeping the 
foundation perfectly dry ; while the bottom of the 
hearth usually takes the form of a flat inverted 
arch, the concavity of which is upwards so as to pre- 
vent the bottom from being raised by the accidental 
escape of metal beneath it. In front of the hearth 
li is an opening in the masonry, the crown of which, 

I, known as the “ is made either of a block of 

refractory stone, or of a hollow cast-iron bearer or 
box built in the masonry, and through wdiieli a 
current of water circulates to keep it cool, and to 
protect it from the heat, and from the colTosi^'e 
action of the slags. A little below and in front of 
the tymp is a prismatic stone, m, called the ‘•'dam- 
storief supported on its outer side by a cast-iron 
plate known as the “ dam-j?latef z. The portion of 
the hearth or space behind the dam-plate, which is 
arched over by the tymp-arch, is known as the 
^^foredieartlif r. A circular notch cut in the upper 
edge of the dam-plate constitutes the '‘^cinder- 
notch and through this the slags run out from the 
furnace and flow to the cinder or to the 
“ Toughing-Jiole ” as used in Staffordshire ; whilst a 
vertical slot through the dam and dam-plate, ' 
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extending to witkin about 18 inches of the bottom of 18 inches in thickness, built up of 5-inch fire-brick 

the hearth, forms the “ tajJ-Jiole,''' t (Fig. 6), which is lumps all carefully dressed, faced^ fitted, and laid 

closed by a stopping of sand or clay tightly rammed to the exact radius of the furnace in its several 

into it, and which stopping is penetrated by a parts; while between this inner fire-brick lining 

pointed bar, as required, for tapping out the metal and the outer casing of ordinary brickwork a small 

from the furnace. The twyer- holes, w, are four to space is sometimes filled with sand or furnace^ 
six or seven in number, and are arranged around scorise. The stack or body of such a furnace is 

the circumference of the hearth and at some dis- carried upon a c^st-iron ring, E, resting usually 

tance from the bottom. At jy is the upon iron columns ; and the lower conical part is 

main,'' from which descends a pipe to each of the also built in a conical wrought-iron casing supported 

“ n'ater-tyi'yers," cy. The boshes and hearth of the upon cast-iron stanchions and the brickwork of the 

furnace are subjected continuously to the most hearth ; or, instead of the wrought-iron casing, the 

intense heat of the furnace, as also to the scouring , water-jacket, already mentioned, is substituteci 
action of the slags, and the period of uninterrupted 
work of the furnace depends largely upon the 
duration of the boshes, the materials for which 
(fire-bricks, or fire-clay lumps) cannot be too care- 
fully selected and built together. 

The massive structures we have just described, 
with their open tops from which flame and gases 
escape uselessly into the atmosphere, have been 
n generally discarded, except in some of the South 
Staffordshire and Scotch furnaces, in districts 
wdiere coal is cheap and the loss of heat and waste 
of fuel in the escaping gases have been considered 
of little importance, and the modern x^ractice, 
adox>ted in Cumberland, Wales, etc., for the smelt- 
ing of hfematite iron ores, and in Cleveland, etc., 
for smelting clay-ironstones, and extending into 
Scotland, is to build furnaces upon the caipold type, 

•with closed throats and arrangements for collecting 
the waste gases and burning them either under 
steam boilers, or in the stoves for heating the hot- 
blast. Such furnaces have walls much thinner than 
those last described, and to secure still thinner 
walls, as also to better support the hearth and 
boshes, these last-named parts have occasionally 
been constructed of hollow cast-iron boxes, through 
which water is made to circulate, or in vrhich coils 
of water-pipes have been contained, such water- The conical portion extends fiom above thet^mp- 

jackets,” a.s they are termed, being lined with only arch, I, to the top of the columns carrying the stack, 

a few inches of brickwork. In these furnaces The hearth s is independent of the masonry of the 

also the internal form consists of more or less con- stack, and is built in after the stack is completed, 

tinuous curved lines running from the throat to The foundation of the furnace hearth is a 
the hearth (Fig. 6), without the conical forms and massive formation of brickwork resting upon clay 

sharp alteration in the slopes at the hearth, boshes, or other solid base, and is encircled by a stone curb, 

and stack of the furnace as shown in Fig. 5. The upon which the columns carrying the stack stand, 

several parts of the furnace continue, however, to The bottom, of the hearth of the furnace is 

be distinguished by the same names, and in formed either from large blocks of a refractory 

Fig.*:!. 8 and 8 the same letters of reference and sandstone, or of two courses of fire-brick lumps set 

names apply as in Fig. S. ou edge and breaking joint, so as to make a thick- 

In the cupola blast-furnace (Fig. G) the body or ness of about 4 feet 6 inches ; and it is built lu the 

stack is formed of a wrought-iron casing of |-iucli form of an inverted arch of sUght curvature, the 

or .J--inch plates riveted together, and within which concavity being upwards, since this form is the best 

is built the outer walls / of ordinary brickwork, adapted to prevent the hearth from being forced 

-inside of which is the fire-brick lining d, about upwards by the accidental entrance of metal 



332 


THE NEW TECHNICAL EDUCATOK. 


beneath the brickwork during the working of the 
furnace. The hearth is lined in England with the 
best iirc-brioks, but in Norway and Sweden it is 
lined with a mixture of powdered quartz, fire- 
brick, and fire-clay, well rammed in. On the under 
side of the tymp-arch there is fixed a cast-iron box, 
i{, in which is a curved iron pipe through which a 
circulation of water is maintained, thereby render- 
ing this part of the furnace better able to resist the 
corrosive action of the slags which are constantly 
fiowing out from beneath it. 

Cupola furnaces, such as those just described, when 
employed in the smelting of limmatite ores, will 
measure upon the average 65 feet in total height 
from the hearth to the platform, with a diameter 
cf 18 feet at the boshes and 7 feet at the hearth, 
while the throat or bell-opening is 9 feet in 
diameter, and the furnace has a capacity of about 
15,000 cubic feet. The Cleveland furnaces of the 
same type, but working upon clay ironstones, have 
reached to over 100 feet in height, with a diameter 
of 25 to 30 feet at the boshes, and a capacity of 
from 30,000 to 40,000 cubic feet. These furnaces 
are without tunnel head, but are fitted with some 
arrangement for closing the throat more or less 
completely, and for drawing off the heated and 
combustible gases which ascend to the throat 
during the regular working of the furnace. For 
this purpose the cuj> and earn arrangement, shown 
in Figs. 6 and 7, by which the throat is entirely 
closed and the gases wholly collected, is generally 
adopted. It consists of a cast-iron cup or funnel- 
shaped casting, of which the diameter at the 
lower end is about one-half of that of the throat 
of the furnace into which it is built ; and beneath 
the lower opening of this funnel-shaped casting a 
cast-iron cone, 2»i, is suspended with its apex up- 
wards by means of a chain, links, or other means, 
ei, from a counterpoised lever, the balance- 
weight w (Fig. 7) being adjusted so as to slightly 
preponderate over the weight of the cone 5^, and 
thus to keep it constantly against the mouth of the 
cone thereby effectually closing the throat of 
the furnace. The gases then pass out from the 
side of the throat through the pipe w (Fig. 6). 
The cup and cone arrangement at the same time 
forms a kind of annular hopper, hi, into which the 
supply of ore, fuel, and limestone is delivered and 
ipetained until it is let fall into the furnace by 
lowering the cone hi, when owing to the form of 
the cone, the charge is spread -with tolerable uni- 
formity over the surface of the materials already 
in the furnace, so as to afford a good draught and a 
uniformly free passage for gases ascending from the 
hearth to the throat. The only time during which 
the throat is open to the atmosphere is the short 


interval during which the cone is depressed for 
drop)ping the charge into the furnace. 

Various mechanical devices are in use for con- 
trolling the movement, of the cone hi, a frequent 
form being to attach a toot lied segment to the oppo- 
site extremity of the lever di to that at whicii the 



cone is suspended, and into which segment is geared 
a toothed pinion worked by a hand-wheel. Another 
method, illustrated in Fig. 7, is a cataract arrange- 
ment, consisting of a cylinder, a\ in whicli works a 
solid jfiston connected by a rod to the lever d ; the 
cylinder is filled with water, wdiilst its two ends are 
connected together by a pipe, u, in which is a cock 
at r, so that the ascent or descent of the piston, 
and thus of the cone hi, cannot be effected unless 
the cock V is open, for the water to flow from 
one end to the opposite end of the cylinder 
Therefore, when the cone hi is lowered, and the 
charge has fallen from the hopper hi into the 
furnace, there is then a small preponderance in the 
weight n\ tending to raise the cone and close the 
furnace mouth, but this movement cannot take 
place until the cock r is opened to allow of the 
passage of the water from the under to the upper 
side of the piston in the cylinder x ; hence all that 
is necessary is to open the cock r, and the mouth of 
the furnace is immediately closed. 


OPENING (continued). 

Lap Device . — In most openers now being con- 
structed a lap-forming arrangement is being used, 
except where the connection between the opener 
and first scutcher is made by an air- trunk. It is 
advisable to form a lap at the earliest operation 
possible, and to use the utmost precaution towards 
making the lap of the greatest regularity obtain- 
able. As the sheet of cotton leaves the machine, 
it is caught by a pair of smooth calender rollers and 
delivered upon the top of a pair of fluted rollers,"" 
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npon which the roll of cotton lies, and is formed The wedge-shaped ends pass through a frame, 

jtround a central bar. The roll or lap is, of course, formed from two bars held a suitable distance apart 

driven by the frictional contact with the underlying by means of studs, and bear upon a series of small 

fluted rollers. The lap-roller, or central bar, should rollers so placed between the bars as to act each 

be bored for the patent lap-rods—rods having a upon one side of one pendant only. If now a larger 

large flange upon one end as a head— so that when lump of cotton than usual reach the feed-roll, E, 

the lap-roller is withdrawn to begin another lap, the one or more of the levers will be depressed, and the 

rod is left behind, held by the flanged head, which corresponding pendant will rise, and the wedge- 


is too large to pass through the hole left by the shaped end 'will tend to separate the pair of bo'wls 

lap-roller. Without this, or some similar con- with V 7 hich it is in contact. ^ All these bowls, ^except 

t ri van ce, the central hole in the lap closes up soon, the outside one on each side of the machine, are 

and causes waste by stabbing in wrong places w^hen free to travel, their axles running in grooves in the 

inserting an axle for use in either the breaker or two bars forming the frame before mentioned. If 

finisher scutcher. An attachment is usually pro- now one outside bo wd be fixed to the framework of 

vided for stopping the machine when laps of a the machine, and that at the opposite side^ to the 

certain diameter have been formed. bar-frame, it is plain that as the pendants rise this 

The pedal arrangement, due to the late bar-frame, with all pendants nearer the movable end, 
Mr. E. Lord, is an exceedingly valuable invention, will be forced towards one side of the machine, and, 

desicuied to govern the feed automatically, so as as they fall, it may be drawn back again by a 

to render the passage of the cotton through the counter-balance ^ 

machine, and therefore the lap, very regular. To it This action is made to shift the belt upon a 
is due a great part of the success in tlie modern pair of cones, driving the feed slower as the lever 

economical treatment of cotton. Referring to noses are depressed by cotton lumps, and faster as 

Fig. 17, it will be seen that the lattice feed F ‘the cotton lessens in thickness. It is clear that the 

delivers upon the surface L, composed of the flat effect of this action dej)ends upon the number of 

or slightly hollowed ends of a set of levers strung levers depressed and theamount of their depression, 

closeiy upon a shaft. The other ends of these levers The use of two separate bowls between each^ pair 

are formed into the hooks H, upon which are hung of levers is due to the necessity of avoiding 

a .series of pendants, p, having their lower ends for friction, which wmuld be caused if two pendants, 

lome inches widened out wx^dge-shape as shown, bearing upon one bowl between them, rose at 


Fig. 17. 



one time, tending to turn the bowl opposite ways, 
and thus rendering it useless as a preventer of 
friction. The levers often rest upon a knife-edge 
of being strung upon a shaft, their noses 
sometimes vary in shape for different cottons, and 
pair of feed rollers often receive the cotton from 
the j)edals before delivering to the beater B. 

DoMm 4' Barloyii's Ojiener.—llo return to the 
iignre (Fig. 15) representing this machine, the 
cotton, after passing through the pedal delivery, is 
Thrown directly upon the rapidly revolving cylinder, 
which has already been mentioned as belonging to 
a modilied willow type, and is placed beneath the 
lattice, as may be seen in the diagrammatic section 
(Fig. 16). This cylinder is partially cased in by iron 
plates, armed internally with strong conical teeth to 
aid in the shaking and cleaning of the cotton. The 
impurities thus dislodged are discharged through a 
series of grate-bars, graduated in spacing, which 
supply the part of a casing to the lower half of the 
cylinder. There are usually three sets of these 
grate-bars, each set having its own separate dust- 
After passing over these grids, the cotton 
across a second series of bars to the dust- 
cages D. These are cylinders having a surface of 
perforated metal or wire gauze, and open at both ends 
to an air-passage which is kept exhausted by means 
of a fan. The draught caused by this exhaustion 
sucks the cotton against the Surface of the per- 
forated cylinder, which is kept revolving, causing 
the cotton to bind into a kind of sheet, and making 
possible to strip it off by means of the rollers 
shown at R. In addition to the duty of bringing 
cotton to the surface of the cages, the air- 
ourrent forms the motive power drawing the cleaned 
materia] over the grids after leaving the cylinder. 
The rollers which strip the cage deliver the cotton 
to the scutcher-beater s, which is usually three- 
winged, and thence it travels to another set of dust- 
cages, and is then stripped by a pair of pressure 
calender rolls, and given to the lap-forming attach- 
ment 'Shown. .. ■ ■■ ■ 

In this class of machine the management of the 
air is as important as in the use of air-trunks, and 
dampers are usually supplied by which the current 
can be regulated. The grids between the cylinder 
and the dust-cages are provided with means of 
adjustment, by which they can be set to any 
angle required. Another adjustment is provided, 
by which the angle and distance of the beater bars 
can be suited to the particular class of cotton being 
worked. 

These openers are suited for American and 
Egyptian cotton; and machines of this class are 
constructed by different makers with various com- 
binations. Howard & Bullough use a beater of 


the type represented ]:)y the Crighton opener, but 
placed horizontally, followed by a scutcher and lap 
device. Lord Brothers make a combination of the 
vertical Crighton and a scutcher, and the varioii.s 
macliines arc combined by other makers in all 
possible ways. 

From an opener the cotton should be delivered 
in a good, open, elastic condition, and where a lap 
arrangement is used, of course an even thickness 
and width of the lap is required. 

' This even ..'width is sometimes obtained by the 
dust-cage cylinder running between two smooth 
flanges, into which its ends are sunk, leaving all tlie 
width of the cylinder between these flanges per- 
forated to receive the cotton. In other machines 
the directing of the air-current is relied upon for 
the purpose. Where a scries of machines are used 
by transferring the lap of one machine to tlie feed 
of another, the same result is obtained by making 
each lap slightly narrower than its predecessor. . . 

■ SimteJimg.—'FTOni the opener the la:p is taken to 
the scutching, winch may be carried out in one, 
two, or three operations, as best suits the cotton aiid 
the' class of 'yarn, to be spun. ■ In most case.s it 
is advisable to avoid working the cotton monv 
than Is necessary, as all such work tends to take 
away a portion of the strength and elasticity of the 
material and add to the waste. 

The princiyie and construction of the scutching 
machinery has already been described in connection 
with the opener, and it is sufficient to say tliat» 
where not fed with a lap, the machine generally 
possesses the pedal feed, and has the beater, diisf- 
cages, and lap attachment. The beating mechanism 
is very often repeated in the same machine, the 
cotton being twice operated upon. In feeding the 
first — or, as it is called, the breaker-scutcher — the 
plan is adopted of feeding two, three, or four laps 
together, matching their freights to produce a lap 
of the proper weight for succeeding processes. By 
this means the laps are made much more regular 
in thickness from the breaker, and also from the 
finishing scutcher, where the same method is em- 
ployed, as the chances are that thin places in the 
different laps will not fall together in the doubling, 
and that any irregularity will be removed nearly in 
proportion to the number of laps compounded. Of 
course, a draught ” is introduced in this method 
of wmrkiiig, the finished lap. being, at any rate, no 
weightier than either of those run together in its 
composition. 

In former times the cotton w’as always in a loose 
condition from the opener, and weighed out upon a 
spaced feed lattice on the scutcher. At present, 
however, lap attachments are so common upon th^ 
first openers that this method is almost abandoned ; 
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althbugh, when properly carried out, it provides a 
■5ap unsurpassed for regularity. 

The saving of expense is so great by using the 
lap from the opener, and the usual weighing was so 
carelessly done, that the spinner has found the 
balance of advantage in the use of the more modern 
method... 

In America, however, the Bramwell feeder has 
been altered to suit the cotton manufacture, and, 
introduced by the firm of Harwood & Son, Boston, 
has attained some popularity. This machine was 
of American invention, and is largely in use among 
the Yorkshire woollen mills, and also in the tow 
departments of Irish flax mills, for card feeding— 
a duty which it performs automatically with a very 
high degree of regularity, 

it is a question for consideration among those 
spinners who are not yet satisfied that laps are as 
perfectly made as they should be, whether a similar 
use of this feeder might not be an advance upon 
present practice. Fig. 18 represents a scutcher 
which may be used either as breaker or finisher, 
but there are no points connected with it which 
require detailed description. 

So much of the regularity of the lap produced by 
these machines depends upon the management of 
the air current upon the dust-cages, that it may be 
here mentioned a second time. The most important 
function of these cages is the formation of a lap, 
and anything which tends to alter the force of the 
current upon any part of the cage surface also 
tends to alter the thickness of the cotton fleece 
there attracted. When a certain thickness of 
cotton, largely dependent upon the character of the 
air current, has been deposited upon any part of 
the surface, the air ceases to pass through there 
and the cotton floats towards another spot, hence 
any irregularity in the perforation, however caused, 
is accompanied by a corresponding irregularity in 
the fleece ; also any derangement of the draught by 
leakages through joints in covers, etc., has a similar 
effect. Therefore it is certain that among the ad- 
justments of the scutching machines none are more 
worthy of attention than that regulating the 
exhaust. 

All the exhausts should be conducted through 
pipes of ample size and easy curves to a large 
flue leading to the outside of the building, and 
these flues require as regular cleaning as other 
appliances. 

Prodnetion.—li will be understood that the pro- 
duction of any machine varies greatly according to 
the class of cotton, but the following may be taken 
as approximate. 

The Crighton opener is capable of cleaning and 
opening satisfactorily, at beater speeds varying 


according to the cotton, 25,000 to 35,000 lb. per 
week. The bale-breaker can about supply this 
amount of pulled fibre, while if a porcupine feed is 
employed to the Crighton opener the production 
will scarcely be altered. The openers which com- 
bine two different principles vary considerably in 
their out-turn ; that represented in Fig. 15 has a 
capacity of about 20,000 to 25,000 lb. per week 
when working upon American cotton. 

Where the better classes of cotton are used the 
action of the machine is rather slower, owing to 
the necessity of dealing tenderly with the long 
fibre ; a production of about 15,000 or 16,000 lb. 
per week might be taken as a good average. The 
scutching machines employed for either breaking 
or finishing may be reckoned on for something like 
the same amount. 

These figures vary considerably according to the 
cotton, and also according to the views of the 
manager responsible. 

Calmdatims. — Hanh-Pmuglit . — The calculations 
required in a cotton mill are mostly of a simple 
character, and examples will be found throughout 
these lessons wherever it is thought at all ne- 
cessary. Instead of inserting a number of tables, 
which are not generally used, the principles of each 
calculation will be explained, and tables supplied 
only where by employing them a considerable 
amount of labour can be saved. 

The first calculation which it is necessary to deal 
with has reference to the speeds of the machines; 
and as all such problems are solved in a similar 
way, it is better to explain the method at this stage, 
and follow any special applications which may 
require notice when dealing with the machines 
concerned. The following is the ordinary 

Multiply the speed of first motion shaft 
by the product together of the diameters of all the 
driving pulleys, and divide by the product of the 
diameters of all the driven ; the quotient is the 
speed of last mover. Where wheels are employed, 
the number of teeth in each wheel is to be used 
instead of the diameter in the above rule. 

With regard to wheels, what is called an idle 
wheel— that is, one which is itself both driver and 
driven— may be omitted from the work, as it only 
effects direction of motion and not speed. In any 
driving arrangement the number of driving wheels 
or pulleys must always be the same as that of the 
driven ; so that if in working out speeds practically 
any diffei-ence in this way is noticed, an error in i 

taking particulars must he looked for. In driving 
all machines the question of direction of motion 
requires consideration, and where there are many « 

intermediate steps between first and last mover it j 

is well to bear in mind that, where wheels are used, ’ 
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an even number of drivers gives a motion the same 
in direction as the first mover, while an odd number 
reverses it. It is unnecessary here to give examples, 


Fig. 18. 

which will be found in connection with such ma- 
chines as the card and the mule, where the steps in 
the driving are many. 

One calculation which may now be given is re- 
quired where the cotton is weighed out upon a spread- 
board, or lattice-creeper, divided into measured 
spaces for the feeding of an opener or scutcher. , 
Let it be sCipposed that the creeper is divided 
into spaces of 54 inches in length, and the lap is 
required to weigh 10 ounces to the yard, with a 
draught’^ in the machine of 4. , ^ \ J 

The draught of a machine is found by dividing the 
surface speed of the delivery by that of the feed. 
This is not quite the same as the draught of the 
cotton, as it makes no allowance for waste. The 
draught of the cotton is found by dividing the 
weight of a unit of length fed to the machine by 
that of a unit of length of the resulting lap, sliver, 
or other product. Thus the waste is accounted for. 

In the case assumed above, it is plain that with a 
draught (or multiplication inlengtli)of 4, the amount 
of cotton fed upon 54 inches will he found (neglect- 
ing waste) in 216 inches, or 6 yards of lap. Con- 
sequently, as the yard of lap must weigh 10 ounces, 
6 yards must weigh 60 ounces, and this is the weight 
required to be spread upon each division of the 
creeper; hence the 

jRw^e.—Multiply the weight per yard of the lap 
by the length in yards of the divisions on the 
spread-board, and the product by the draught, as in 
example given, 10 x l-l x 4=: 60. 

Calculations with regard to laps are usually in 
terms of ounces or grains per yard, but sometimes 
what is called the “hank” of a lap is required, 
although such a form is not often of much use. 
The “ hank” of a lap, or sliver, or rove, or yarn, means 
the number of hanks, of 840 yards each, of the 


given lap etc., which are in one-pound weight. 

Of course, in the matter of laps tins number L 
always a very small fraction, and is expressed by a 
small decimal, in its 
calculation it is well to 
remember that there are, : 
7,000 grainsnii a 
weight, and that there- ; 
fore . if 1 hank "Of 840' ■ '...b 
■yards weighs a' pound—, 
w.hich'^'’would signify that 
', the:' rove was „a. “l,-haiik''."y,','' 
jQYe ”—12 ' yards weigh' ' 
IIX) ■ grain's. ■ , Therefore, ' '■ ', 
.if there ''wer©' 2 hanks'' to , 
the pound, 12 ^ yards ■ . 
would weigh 50 grains, , ' 
and the hank is always to : 
be found by the following 
Divide 100 by tlie weight in grains ot 
12 yards, and the result is the liank required. 

Let this be applied to the case ot 10 ounces per 
yard; then 10 x 12 x 13T-5=- 52,100 grain.s in 12 
Yards, and 100 -r 52500 = = 0-(JOl9, winch -s the 

'required hank. If the lap had been 1 ounce per yard, 
the hank would have been 0’01905, and hence the 

further ■ ' ■'■■ ' ■ , ' 

Divide 0*01905 by the weight per yard in 

ounces ; the result is the hank. 

This process is quite applicable to any of the 
forms of the material ; but, of course, in sliver the 
unit of weight is a grain, and in the yarn the unit 
of length is best assumed as 1 lea, or 120 yards. 

In the latter case the rule becomes, when altered 
accordingly, divide 1,000 by the weight of 1 lea in 
grains, and the result wTll be the hank required. 
At the proper places will be found short tables of 
the weights and hanks of slivers, rovings, and yarn, 
which it is hoped will be found iiseful. In all 
calculations which have for their object the yarns, 
sliver, etc., back to the cotton, it is very necessary 
to take account of the amount of waste, which has 
been omitted in the calculations given above. This 
is greatly facilitated if a series of tests be occasion- 
ally made, as fresh cotton is introduced, passing a 
weighed quantity through each of the processes up 
to and including the carding, and the result s enterea 
in a book and carefully preserved for reference. 
The question of waste is an important one, and 
much depends upon the judgment of the manager 
as to when the cotton has been sufficiently opened 
or carded to suit the quality of yarn required. In 
the various opening processes tlie waste may reach 
a total average of about 7 or 8 per cent, in cotton 
used for medium counts, but may often be 10 
cent, or more with inferior classes of cotton. 
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by the draughtsman ; — Draw the plan and elevation 
, (Fig, 57). Let he the point of intersection of the 
straight side and circular fillet in the plan. From 
p project to the centre line of the elevation. 
Then a circular arc of any convenient radius may 
be drawn through y , the centre Ci of the arc lying 
on the centre line of the rod. Two other arcs of 
the same radius, and with centres a.nd Cg 
found by trial, are drawn touching the first 
arc and the straight line c'. The dotted 
curve in the elevation (Fig. 57) is the 
result 

Mlemf Q- 


[Contimied from p. 276.3 


SECTIONS OF SOLIDS BY PLANES {contmued). 
The following problem often occurs in mechanical 
drawing: — 

A connecting rod has a rectangular butt-end, 


oblique PLilNES. 

In the previous lessons we have met with 
planes, chiefly as forming the boundaries of 
solids. The face of a solid is only a portion 
of the plane ; and the boundary of the face, 
being given by its projections, defines the 
position of the plane of which it forms part. 
However, this method of representing a 
plane by drawing the projections of points 
or figures in it is inconvenient when we are 
dealing with the plane in its most general 
sense— that is, a flat surface extending in- 
definitely in all directions. 

Traces of a Plane . — Any two planes which 
are not parallel to each other, intersect each 
other in a straight line. Any plane, there- 
fore, will cut the yertical'^^ plane in a 

b line, which is called the 

plane. This statement may be made to 


End Elevation 


united fo the .cylindrical x^rt by a circular fillet. 
Draw plan and elevation. 

If the length of A B and B c of the butt at right 
angles to the axis of the rod be greater than 
5 4-2 r, 5 being the diameter of the rod and } 

T the radius of the fillet, the plan and eleva- | 
tion will be as shown in Fig. 57. j 

But if one side, Ai be shorter, as repre- j 
sented by the dotted lines in Fig. 57, the } 
elevation of the intersection of the fillet with 
the plane face will be a curvefl line. In this — 
case the problem is a simple case of the 
jitreceding problem. The surface of the fillet | \ 
is an annuln.s, the projections of the com- { 
pfiete annuhi.s being represented by dotted { 
lines (Fig. 57). In Big. 58 the construction j 
is shown, the reference letters being the | 
same as used in Fig. 56. u — 

If the width of the butt be equal to the 
diameter of the rod, the x)rojections will be 
as shown by the thick dotted lines (Big. 58). 

In making a working drawing of a con- 
necting rod like that in the preceding pro- 
blem, it is usually not worth while to go 
through the exact construction there given. 

The following is th.en the method to be used 
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include the case of the given plane being parallel 

to the ^ 3 rtTca veni^t^ ' 

trace is infinitely distant, or is at infinity. 






\ 


■■ 3 





Mepfesentation of a% Ghtipio Plane by its Traces. 
—Fig. 59 is a representation of the horizontal and 
vertical planes in position, and two oblique planes, 
A B c D and E F G H. The intersection of the former 

with the Plaueis^® ; therefore the 

trace of the plane ABCD. The plane 

E F G H, if produced, \Tould cut the plane 

in which is therefore its trace. If 

the co-ordinate planes are folded, as explained in 


Fig. 4, the traces of the two planes w’ill appear, as 
in' Fig.:''00. ■■ 

The horizontal plane, the vertical jhane. aiul the 
plane A B cd (Fig. 59) have the p«.hit ii in eounmai. 

The three lines ul iiitersi'ctkai of The.'^e 
■" three planes are BA. n c. atai x y, which 

ali meet at b. We see, therefore, that 
the trace.s of a plane mast intersect on 
theXY. 

We will denote the ptiinr r»n the x Y at 
which the traces meet by the letter p'. the 
vertical trace by t^/, and tlie horizontal 
trace by //a Tiie planes represented in 
Fig. 60 are each at right angles te» the 
\k ^ vertical plane, but inclined to the liori- 

// ^ zontal xfiaiie. The plane shown at h (Fig. 

61) is at right angles to the horizontal 
plane (that is, it is vertical), but inclined 
to the vertical co-ordinate plane. Tiio 
plane shown at c (Fig. 61) is at right 
angles to both planes of projection. The 
planes shown at d, e, and/ are inclined to 
both planes of projection. In the ol)li<|ue 
plane (Fig. 61/), the point of inter- 
.section of the traces is infinitely distant 
on X y. 

The student .should bear clearly in mind 
that the vertical trace V P of an oblique 
plane is a line in sjmee wdiose elevation 
is rei3resented (in the cases shown, Fig. 
\ 61) by r'/, and whose xrlan coincides with 

A X Y. Similarly tlie horizontal trace F H is 

a line in space, its plan being fk and its 
elevation coinciding with X Y. 

The traces are supposed to extend in- 
definitely in both directions ; thus, Figs 
61 a and 61 & represent the same plane. 

The angle between two planes is the 
angle between two straight lines drawn, 
one in each plane, from a point in their 
line of intersection at right angles to it. 

ProhUni 1. — Given the traces of a plane, 
to determine its inclination to each of the 
^ co-ordinate planes. 

Let ?//, fh (Fig. 62) be the given traces. Take 
anypoint, A, on the horizontal trace, and on the given 
oblique plane in space draAv the line A B at right 
angles to the horizontal trace. The plan, a b, of 
this line will also be at right angles to the horizontal 
trace. Then, evidently, the inclination of the ob- 
lique ifiane vyh to the H.P. is the angle between 
the line A B and its plan, a h ; the inclination of 
the plane r'fk is the same as the inclination of the 
line A B. Suppose now that the line A B is drawn 
of such a length that B lies on the vertical trace 
then b lies on x Y, and h' on v' f. The elevation of 
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A is, of course, also on the x y. The problem is now 
lediiced to finding the inclination to the H.P. of the 
line A B given by its plan and elevation, « ^ and lV V, 


XY in Join a-J), The angle is the 

required inclination of the given plane to the 
vertical plane of projection. 

The constructions in Figs. 62 and 65 
— — t' are co-ordinate; and the student being 
given one, should be able at once to write 
down the other. In future, only one of two 
co-ordinate construction will be given, 


■ . Fig. 61." 

and can be solved by the method shown in problem 3, 
page 209, ' . ■ ■ 

The following method is more suitable, however, 
for this particulaT case .--^Consider the line A B in 


but the student should in all cases work out the 
other for himself. 


WATCH AND CLOCK MAKING.~-VI. 

By Bavxd Glasgow, 

Vice-President of the British Ilorologieal Institute, 
[Continued from p, 296.] 

CHRONOMETER AND WATCH MAKING (continued). 

Fixing Movement in Case . — As the largest portion 
of English watches are made with what are called 
“ double-bottom cases— cases having the inner 
cover, or bottom, made solid with the middle — the 
only way of fixing in the movement that will permit 
of it being opened to view the works is with a joint 
and bolt; but there are so many objections to this 
arrangement that it is difficult to account for its 
continuance. 

Now that a large number of keyless watches are 
made with single bottoms to the cases the bolt and 
joint are of necessity used to fix the movements in 
the cases, but there are not the same objections to 


space to lie on the surface of a cone with vertical 
axis, the point b being the vertex, and the point A 
lying in the circular base of the cone. Then every 
straight line lying on the surface of this cone has 
evidently the same inclination to the H,P. as A B. 
With centre h and radius ha describe a circle 
cutting the x y in a-^ and' Join ¥ to and 
¥ a-i a .2 is the outline of the elevation of the cone, 
and therefore the angle ¥ is the required 
angle of inclination of the plane v' f 7 l to the 

Fig. 63 shows the construction for finding 
the inclination of the given oblique plane to the 
V.P., and is as follows: — Let ¥f, fli be the given 
traces of the plane. Take any point h in fh, and 
f;pm it draw h ¥ perpendicular to x Y. With 
centre ¥ draw a circle touching r'/, and cutting 
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these as to the double bottom full-plate, as there 
is no necessity to open the bizzle to set the hands 
in keyless 'watches. 

It is uot usual to let the finisher have the case, as 
it can be sprung and poiished, etc., while the watcli 
is being finished, and, if the watch has a dome case, 
it is necessary to fit the movement to it first. The 
best way to fcc it is vrith one pin and one screw ; 
two pins and a screw are sometimes used, and this 
may be done if the edge of the case where the pms 
go is deep enough to take pins of sufficient strength, 
but this is seldom the case. A good-sised hole is 
drilled in the edge of the pillar-plate close to the 
step, and a piece of brass is tapped and screwed 
into it, projecting a Tery little beyond the edge of 
the plate ; this piece is filed and the sides of it 
shaped with a chisel into the form of a wedge, when 
the position of the dial in the case is marked on 
the fiange of the case which supports the frame, 
and a square notch is cut in it to receive the thick 
part of the pin, and prevent the frame from moving 
round in the case, while the wedge-shaped end of 
the pin projects underneath it, and prevents the 
frame from rising from the case. A mark is then 
made for a screw on the top plate opposite the 
wedge, and drilled close enough to the edge of the 
plate for the head of the screw to come over the 
band of the case, and a dog-screw (i^., a screw 
with a portion of the head cut away) fitted ; this 
screw is screwed into the pillar-plate, the body 
going through a hole in the top plate into which its 
head” is sunk as deeply as the thickness of the band 
of the case will admit of. The sink in the plate 
must be a very little below that in the band, and 
the screw should have a shoulder to rest on the 
pillar-plate while the head grips the band of the 
case sufficiently tightly to prevent any movement 
of the frame in the case. I have found this the 
most convenient and simple way of fitting a move- 
ment to a case, as, if it is properly done, the move- 
ment can be removed or put in the case with the 
greatest ease. In putting it into the case, if the 
movement is moved round, the wedge will drop into 
the notch, and, by turning the screw half round, 
the movement is secured. Care must be taken to 
find a place for the screw that will be free from the 
other parts of the watch ; in ordinary fusee move- 
ments, between the figures seven and eight on the 
dial will be the best place for the pin, and there 
' will he room for the screw opposite. 

JEWELLING WATCHES. 

Ohjdctioois to JeTDsUing . — Jewelling the holes for 
watch pivots has been practised for nearly^ two 
centuries ; it was invented by Nicholas Facio, a 
native of Geneva. He came to London in 1700, 


and a few years later commenced the business of 
watchmaking and watch-jewelling in partneiship 
with the brothers X)e Beaufri^ The watchmakers 
of Paris, to whom he tin.t applied, not appreciating 
his invention, gave him no encuiiragement, and the 
London watchmakers do luat appear ta have treated 
him with much greater liberality, as the Clock- 
makers’ Company opposed Ms application for a 
patent, although, presumably on the strength of 
his invention, he had been admitted as a member 
of the Royal Society. 

Stones for Jen'cHunj, -- Tlie stones used for 
•iewcllim^ watches are the ruby, sapphire, ciu'vsulite, 
and 'garnet; a thin rose diamond is generally juit 
as an end-stone to the balance cock of English 
watches, but only as an ornament, and that is the 
only diamond ever used in the jewelling of a 

. watch. ' ■ ' '■ 

There are great varieties of all these stones, so 
that it cannot be said that a ruby is best for a hole 
unless it is the right sort of ruby, and colour is not 
always a guide as to the quality : the orienhil ruby 
is the best, being the hardest an<l having the 
greatest specific gravity ; it should always be used 
for the best watches. Sapphire is usually used fur 
the holes of marine chronometers. Rabie.s that 
have a deep red colour are prized and used by the 
Swiss, while in England the milky stone is pre- 
ferred, as being harder ; it is also thought that, m 
consequence of the colouring matter, the red stones 
blacken the pivots more than the light-coloured 

ones. . . , 

My own experience is that, if the stone is hard 
and well polished, the colour is not of much conse- 
quence ; since, although the pivot becomes black, 
it does not cut, and the discoloration is easily re- 
moved with a peg and a little fine red stuff. ^ 

The quality of the oil has much to do with the 
blackening of the pivots, and those which have the 
greatest friction will become discoloured first. In 
ordinary watches jewelled in the third and fourth 
wheel holes, the lower third wheel pivot will be the 
blackest, it having the greatest friction, from being 
so close to the action of the centre wheel in the 
pinion; and if the centre holes be jewelled, the 
bottom pivot will gene?;ally be found more dis- 
coloured than the top one from the same cause. 
But there are so many reasons in favour of good 
jewel holes that every good watch should have all 
the train holes jewelled except those of the fusee, 
which are expensive, and liable to be broken 'ft'ith 
the pressure in winding the watch. Garnet is 
largely used for jewelling common watches, espe- 
cially in the pallets to lever escapements ; it is of 
the same hardness as chrysolite, but not so brittle. 
These pallets are soon cut, a few years’ wear pitting 


WATCH AND CLOCK MAKIKG. 


341 


the face of the stone on which the escape- wheel 
tooth drops, in which case the only remedy is new 
pallets, as to polish out the pits would spoil the 
escapement. Chrysolite would answer better for 
pallet stones. Carnet is also used for the impulse 
pins of lever escapements, but the least violent 
external motion to the watch will break off the 
pin, if the balance be a heavy one, and the cost of 
replacing it will be many times the difference 
between the original price of a ruby and a garnet 
pin. 

Watch-jewelling in England has hitherto been 
divided into two branches only— -namely, hole- 
making and jewelling ; the hole-maker flatting and 
drilling the stone, and turning it true on the edge 
and faces ; and the jeweller fitting the hole to the 
pivot, shaping and polishing it, and setting it in 
the plate. In Switzerland there is a great division 
of labonr in preparing and fitting the holes to 
watches. Jewelling "would seem to be as far re- 
moved from escapement-making as two branches of 
» a trade could he, but the Swiss escapement-maker 
is served with the jewel holes along with the other 
materials for the escapement, and sets them him- 
self. This practice would be useful to watch 
jobbers going to India or the Colonies, but watch- 
jewcilling is much of a specialty, and requires great 
practice to do it w’^ell. 

The English process of making a 
hole is to take the rough stone, about the size of a 
small pea, and hold it against the face of a plate or 
mill fixed in the lathe and rotated rapidly; the 
mill is of soft iron charged with diamond powder. 
When one side of the stone is flatted, the other side 
is held against the mill until the stone is brought 
to the required thickness ; it is then cemented on to 
a chuck, turned true on the face and edge with a 
piece of black diamond fixed in a handle, and 
centred with a small splint of the same, and drilled 
to half the length of the hole: the stone is then 
reversed' on the chuck, the face turned true, and, if 
it is the front of the hole, the chamfer or cup is 
turned out of the centre, and the hole met. From 
first to last this seems a very slow process ; and 
flatting the stones is a very dirty one, as the mill 
must he kept supplied with plenty of water. In 
fact I believe it is the identical method pursued by 
Facio, the inventor. When the hole is a large one, 
the process ot drilling with a diamond point is well 
enough, and it is acknowdedged that holes made in 
this way cannot be beaten ; but, without adopting 
all the Swiss system, "which has some drawbacks, I 
think ours ought to be greatly improved. 

The Swiss flatten the stones on a large horizontal 
mill driven at a very high rate of speed, generally 
^ hy a turbine, or by steam power. The stones are 


not presented singly to the mill, hut are cemented 
on to a block, and held against it in quantities of 
some dozens at a time ; when the stones are suffi- 
ciently reduced on one side, they are reversed, and 
the other side ground until they are the required 
thickness. It is evident that this operation can be 
done for a tithe of what it w^ould cost to have them 
flatted by the old process., 

The uncertainty of getting the sides parallel to 
one another by the above method, however, pre- 
vents the holes from being drilled perpendicular to 
one of these sides. If they were drilled one at a 
time this could he done, but the stones are pushed 
half a dozen or more into a kind of tube or holder, 
which is fixed on the rest of the lathe in a line with 
the drill in the chuck. This drill, instead of being 
a diamond, is a piece of drawn steel wire ; it goes 
through a great many stones at one time, and is 
charged with diamond powder, and, instead of a 
man or woman drilling one hole and then stopping 
the machine, he or she has to attend to six machines, 
each drilling six holes at one operation, and the 
faces of the holes not being parallel to one another, 
the holes are seldom perpendicular to either side of 
the stones. If they are much out it is not possible 
by any process of opening to make true holes, 
especially if they are a good length ; hut this 
process of flatting and drilling is so expeditious, 
and consequently cheap, that jewelling an extra 
pair of holes makes little or no difference in the 
price of a Swiss watch, and jewelling every hole is 
now the rule with them, although, as before stated, 
they are not always as good as brass ones. They 
are made very thin, are very badly polished, and of 
such material that they are easily broken, and 
few common Swiss watches are without a cracked 
jewel hole or two. There is no reason why we 
should not take a leaf out of the Swiss hook, and 
amend our system without altogether adopting 
theirs. A Swiss jewel hole maker informs me that 
thirty years ago, before the drilling in quantities 
was adopted, a woman or lad could drill a hundred 
flatted stones in a day, and the holes in these 
stones were required to be perfectly perpendicular 
to one side of the stone, although the rate of speed 
that a hoy or woman could drive a foot-lathe would 
he much too slow for a revolving drill ; but this 
process would seem a great improvement on ours of 
setting up a. stone in a lathe, and meeting a hole 
small enough for a staff pivot. 

Jewellinf/. the jeweller first gets the 
frame to jewel the holes for the escapement, he has 
nothing to do with fitting the pivots, as they are not 
then made, but he should have a size given him, 
and his care should he to make use of all the 
thickness of the plates for holes with end-stones, to 
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into contact with tbe top side only of the wheel to 
he snailed ; if the faces were parallel to each other, 
the curves made by the roller coming in contact 
with the work would be crossed and obliterated by 
the roller when leaving it, even if the arbor turned 
only in one direction. This effect is to some extent 
produced by using a bow, as the up strokes of the 
bow make curves in a contrary direction to those 
made by the down strokes, but this confusion of 
circles does not matter very much, as when it is 
found that the roller has been in contact with 
every part of the work, and that it is smooth, the 
snaiiing is done with the down strokes only, a long 
bow being used, and the snaiiing roller held in the 
fingers and i3reyented from turning, while the bow 
is i>ushed upwards. Emery and oil mixed with 
sharp stuff is recommended with the copper roller, 
but copper is too soft and a bad material for a 
roller, as the emery sticks in it, and it is difficult to 
get a smooth surface with it or without deep races 
in it ; the roller should be made of hard brass, and 
the emery should be washed until it is very fine, 
and no sharp stuff used with it. Brass wheels, etc., 
•should be stoned free from scratches, and got quite 
flat on arbors. For this purpose a roller made of 
hard box-wood should he used with oilstone dust 
ground as fine as possible, and mixed with oil to 
the consistency of cream, and the polishing power 
used sparingly. Sharp stuff and oil gives a bright 
. surface on brass, but polishes too much, leaving the 
circles undefined. Rollers of any size may be 
used ; one twice the diameter of the object snailed 
makes a curve that looks very well. 

Snaiiing is a very excellent way of finishing great 
and motion wheels, and the bottoms and covers of 
barrels, and if done as directed, they will brush 
bright and clean without showing any scratches, 
Although it is in universal use, the tool described is 
obviously only a makeshift. 

If polishing should be made a special branch of 
watch finishing, snaiiing might be well done 
without the application of very great skill by using 
a proper tool, adapted to either a foot-lathe or a 
lumd-lathe, or throw, with a rotary motion, with a 
screw for the adjustment of the angle of the 
roller. As tbe snaiiing roller will not go right to^ 
the centre of a wheel, but would leave a lump 
there, a hollow is usually cut close to the centre 
and polished ; this gives a little variety and relief 
to the work. 

Although tbe progress of the factory system of 
watchmaking has been very marked during the last 
few years, there does not seem to be any improvement 
on the old process of snaiiing, ns I find the work 
done in any of the factories inferior to that done 
by the watch finishers with their old appliances. 


P HO T 0 G B A P H Y.— V I , 

By T, C. Hepworth, F.G.S. 
iContinued from ^2SS.] 

THE DARK ROOM. 

The photographer requires, besides a studio or 
glass room, one in which he can develop his plates, 
and do such other work in which the absence of 
ordinary white light is the chief desideratum. This 
apartment is called the dark room, and although, 
under stress of circumstances, a mere cupboard is 
often dignified by the name, it is far better if pos- 
sible that the worker should have plenty of space 
in which to carry on the very important operation 
of development. Ventilation must, for one thing, 
be seen after, for one at least of the chemicals em- 
ployed gives off a vapour which is injurious— we 
mean ammonia. 

The room is called dark, but, of course, it is not 
really so, or any work would be impossible ; the light 
which is used is filtered through some kind of red 
medium to make it as harmless as possible to 
the sensitive compounds with which the photo- 
grapher deals. If the room has a window, it is 
best to close it up with opaque material, with the 
exception of a space about two feet square, and 
this space may conveniently be furnished witli 
three frames filled in with different shades oi 
coloured material. The first, which may be a 
fixture, should be ruby glass, while the two others, 
each made to slide in grooves in front of it, may be 
canary and ruby medium respectively. (These are 
sold for the purpose, and represent a kind of semi- 
transparent calico.) The need of these three 
frames is found in the circumstance that daylight 
varies much in its intensity according to the time 
of day and the season of the year. Should the sun 
be actually shining on the window, the light filter- 
ing through all three media will be hardly safe for 
the most sensitive plates, while perhaps later in the 
same day the ruby glass alone will be quite suffi- 
cient protection. 

As an auxiliary to daylight, the dark room should 
be furnished with a good lamp. A gas lamp fixed 
outside the red window, and protected from wind 
and weather, is a good arrangement, particularly if 
the tap be so arranged that it is within easy reach 
of the operator’s hand, so that he can turn it up or 
down according to his requirements. Failing this, 
there are several good lamps sold for the purpose, 
and fitted for either gas or oil. The gas is to be 
preferred both because of its cleanliness, and for 
the ease with which its flame can be regulated, as 
just pointed out. 

The principal feature of the room will be a sink 
fitted with a water tap and discharge pipe. This 
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should be of liberal dimexisionsj and of glazed 
stoneware by preference. The tap should be at a 
height of about one foot above it, and should be 


light for quality. One has only to expose a plate 
half covered by a card for a couple of minutes to 
the light employed to find out whether it is safe 


furnished with a rose as well as an ordinary outlet, so 
that a flood of fine spray can be urged upon a pho- 
tographic plate when desired. Compound taps of 
this description can be purchased. The sink should 
be placed beneath the window, so that the worker 
can see what he is about. Half of the sink may 
conveniently be occuifled by a wooden grill, upon 
which dishes, etc., can be placed under the tap, 
and this grill can be so made that it will slide to 
the right or the left as desired. Shelves for bottles, 
a table, racks for dishes, etc., will complete the 
necessary furniture of the dark room. 

There should be enough light to enable the 
worker to find his way to every corner of the room 
without difficulty, and there is no necessity for any 
stint in this respect, provided that the light is of 
the right kind. Many workers are far too cautious 
in this respect. We have seen dark rooms which 
are so devoid of illumination that it is quite impos- 
sible to watch the progress of development, and 
under such conditions it is next to impossible to 
turn out good negatives. This need not be so, 
especially as it is such an easy matter to test the 


or not. If such a plate, on development, shows 
trace of light action, more protection is needed, 
but if it remain clear, the light may be considered 
satisfactory. One caution is, however, necessary : 
the red and orange media will not preserve their 
non-actinic qualities for ever, but will gradually 
deteriorate. Hence, although they may at first 
prove a sufficient protection, they wdll, after a 
couple of seasons’ use, become more or less bk^ached, 
and should he renewed. The red glass does not 
alter in the same way. As there is no means of 
making the light absolutely free from action on 
the sensitive plate, due caution must at all timers 
he used in the manipulations, and whether plate.s 
he changed from one receptacle to another, or de- 
veloped, every care must be taken not to expose 
them to the red light more than necessary. In 
developing, for instance, a cover should be at hand 
to place over the dish, except while it is being 
examined. The cardboard lid of a plate box will 
answer this purpose, but the careful photographer 
will provide one covered with black velvet, which ^ 
will fit right over the dish. With such a cover he 
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can open the door of the room during a protracted 
ideveiopment without aii}^ fear of spoiling his plate 
by the access of white light. . ' 

In choosing a lamp for the dark room, preference 
should be given to one of large dimensions, as the 
light is then more diffused by the ample surface of 
the panes of glass with which it is furnished. 
These should be of different shades of colour, so 
that the amount of light can be modified according 
to the work in hand. For example, a bromide of 
silver plate will require the protection of the 
darkest glass, while a chloride plate, such as is 
used for making a lantern slide, needs no more 
protection than a light yellow screen. 

The stock bottles of mixed chemicals required 
are not many in number, and the fewer that can 
be managed with, the better. One most useful rule 
to observe in connection with these is that of 
careful labelling. Each bottle should not only be 
labelled with the name of the mixture which it 
contains, but the formula should also be included 
♦ as well, so that when it is required to refill it, there 
need be no searching after a recipe, the exact 
source of which may have been forgotten. Besides, 
it is always as well to know the exact composition 
of any solution which may be used, so that it can, 
if required, be modified to meet special require- 
ments, As an exampjle of the kind of labelling re- 
commended, the following may be cited 

Pyro Solution. 

Pyro - - - - - 1 ounce. 

Potassium iiietabi sulphite - i ounce. 

Water - - - - - 10 ounces. 

In the illustration, Fig. 42, the general arrange- 
ments of a dark room are indicated with the 
window, sink, shelves for bottles, and racks for 
dishes. These arrangements will naturally be 
modified according to the space at the disposal of 
the worker. 

DEVELOPMENT. 

A gelatine ]jlate which has been exposed to the 
action of light in a camera undergoes a certain 
change, but upon examining such a plate no change 
is apparent. It looks exactly as it did when first 
taken from its original box ; but, nevertheless, a 
great change has occurred in the plate, although, 
for the moment, there is no visible evidence of it. 
Certain, parts of the film have been acted upon 
more or less by the light, but these changes do not 
become manifest until the plate is submitted to the 
operation known as Development. 

When a chemical solution called a developer is 
applied to the plate, those parts of the surface 
'which have been affected by the light become 
^blackened by the reduction of black opaque metallic 


silver, while those parts where the light has not 
acted remain unchanged. It is evident, therefore, 
that in a negative image everything is reversed— 
that is to say, in the case of a portrait, the white face, 
hands, and linen will appear black, and will come 
out before any other parts of the picture, as masses 
of dark reduced silver, while the black portions 
of the subject, such as the coat, etc., will in the 
negative be wdiite. The same rule obtains in the 
landscape, where the brightest jmrt of the subject, 
the sky, will be black, while the dark trees and 
other objects will remain little or not at all affected 
by the light. There are various developing agents, 
and the operator must be guided in a great measure 
in his choice of which to adopt by the particular 
work in hand. The most generally and widely em- 
ployed developer, in this country at least, is that 
which owes its energy to Pyrogallol, more com- 
monly known as pyrogallic acid, and commonly 
called for short “ p 3 ’ro.” This, indeed, may be 
called the sheet-anchor of the photographer, and, 
although many other developing agents have been 
brought forward of late years, pjTO still holds its 
own. 

Pyrogallol, or pyrogallic acid, is an exceedingly 
light crystalline and feathery compound which is 
sold generally in one-ounce bottles. So light is it 
that this bottle would hold more than half a pint of 
water, yet when quite full it will accommodate but 
one ounce of fjie dry pyro. It is a very poisonous 
compound, and some caution should therefore be 
used in its employment. Mixed with water it will 
very quickly turn brown, owing to rapid oxidation, 
and therefore for use it is best mixed with some kind 
of preservative. 

Each maker of plates advocates a developer which 
is said to work better with those particular plates 
than any other compound. But some of these 
formulse are unnecessarily intricate, and, although 
they may have their merits, many of them are 
certainly not founded on any strict scientific basis.. 
It is best to use 10 per cent, solutions for develop- 
ing purposes, and then by very slight calculation 
the operator is able to make up any developing 
formula which may present itself. Thus, to make 
a 10 per cent, solution of pyro, and at the same 
time give it preservative qualities, we should mix, 
in about six ounces of warm water, half an ounce of 
metabisulphite of potash, and stirring this solution 
with a glass rod until the crystals are thoroughly 
dissolved we can pour it into the full bottle of pyro, 
when we shall find that the latter will almost 
instantaneously dissolve in the liquid. We may 
now pour this mixture into a fresh half-pint bottle 
furnished with a stopper, and fill it up with water 
to make up ten ounces. This bottle should be 
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labelled “ Pyro 10 per coDt.,” and ten minims of tlie 
liquid will contain jnst one grain of pyro. 

Tor pvro development we shall require two 
stock bottles, one constituting the accelerator, and 
the other the restrainer. The accelemtor is an 
alkaline solution which may be liquid ammonia, 
ammonia carbonate, sodic carbonate, or some other 
alkali- but, for the sake of simplicity, we will 
suppose that the operator decides upon adopting 
liquid ammonia as his accelerator.^ 'nie strong 
liquid ammonia sold by the dealers is, in reality, a 
solution of ammonia gas in water, and Is supposed 
to have a specific gravity of 880. But it is certain 
that ammonia solution is seldom of this strength 
unless when first opened, for it is continually giving 
offgas, as its pungent and suffocating smell indicates 
whenever the stopper is removed. Indeed, if the 
stopper be not fastened dowm by some special 
means it will often fly out should the temperature 
of the room in which it is kept be higher than 
usual. To make a 10 per cent, solution of this 
volatile compound it is merely necessary to pour 
into a ten-ounce bottle one ounce of the fiesh 
liquid ammonia and fill up the bottle with water. 
It should then be labelled » Ammonia 10 per cent./' 
ten minims containing one minim of the liquid 
ammonia 880. 

The restrainer is a solution of potassic or ammonio 
bromide, one ounce of either salt being dissolved in 
about six ounces of water, and mad^up eventually 
to ten ounces in a half-pint bottle. This ^bottle 
should be labelled “ Bromide 10 per cent.,” and, 
like the other bottles, ten minims will contain just 
one grain of the original substance. 


DEAWING FOE CAEPENTEES AND 
JOINEES.— VI 

[Coiiti}iued from p, 2S4.1 
ROOFS. 

The general principles of Building Construction 
being reserved for a separate series of lessons, 
it is not deemed necessary to follow the exact 
order in which a building w^ould be erected, 
the object of the present lessons being improve- 
ment in dvawiug^ whilst, at the same time, the 
jjrinciples of the construction of the subject of 
the study are given ; so that the student may not 
simply learn to copy lines., hut may understand the 
language of which such lines are the words and 
sentences. 

The term roof seems derived from the Saxon word 
“hrof,” or, perhaps, a contraction of the German 
words “ Hier-aiif ” (upon here), and, as is well known, 
means the cover or top of a building, generally con- 


sisting of two sloping sides, though occasionally of 
other figures. 

The ancient Egyptians, Babylonians, J ersians, as 
well as other Eastern nations, had their roots (mite 
fiat. The Greeks appear to have been tin* 
made their roofs with a slant ea(.*h iioni the 
middle to the edges. This was very gentle, the 
height from the ridge to the level of the walls nut 
exceeding one-eighth or one-ninth of the siran,as 

may be seen by many ancient teiai’ues nr,\\ reiuain- 
ing. In northern climates, subject to heavy rains 
and falls of snow, the ridge must be very consider- 
ably elevated. In most old biiihlings in .Britain, 
tliQ equilateral triangle seems to bavii been con- 
sidered the standard both in private and public 
edifices, and this pitch continued for several 
centuries, till the disuse of what is called Gothic 
architecture. The ridge was then made somewhat 
lower, the rafters being three/onrilis of the breadth 
of the hiiilding. Tins was called the true jntcli ; 
hut, subsequently, the half-square seems to have 
been considered the true pitch. 

The heights of roofs were gradually depressed 
from the half-square to one-third of the width, and 
from that to a fourth, which is now a very general 
standard, though they have even been executed 
much lower. 

There are some advantages in high-pitched roofs, 
as they discharge the rain 
with greater facility; the 
snow continues a much 
shorter time on the surface, 
and they are less liable to 
be stripped by heavy winds. 

Low roofs require large 
slates, and the utmost care 
in their execution ; but they 
have the advantage of being much cheaper, since 
they require timbers which are shorter and of less 
scantling. When executed- with judgment, the 
roof is one of the principal ties to a building, as it 
binds the exterior walls to the interior and to the 
partitions, which act like strong counter forts 
against them. 

Hoofs are of various forms, according to the nat ure 
of the plan, and the law of horizontal and vertical 
sections. The most simple -form of a roof is that 
which has only one row of timbers arranged in an 
inclined plane, which throws the roof entirely on 
one side; this is called a ** lean-to” or shed roof 
(Fig. 83). 

The most general roof for an oblong hiiildmg 
consists of two rectangular planes of equal breadth, 
equally inclined, and terminating in a line parallel 
to the horizon. Consequently, its form is that of a 
triangular prism, each side being equally inclined 


Fig. S3. 
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to the plane of the wall-head; this is generally 
called a ’‘pent roof’’ (Fig. 8-1 is the .end view, or 
“ gable,” and Fig\ 85 is ihe idan of such a roof). 

Eoofs tiar on the top are said to hei imncated. 
These are chiefly erupkwed with a view to climimsh 
the height, so as n-jt to predominate over that of 
the walls. 

Wiieii all four sides of the roof are formed by 
mclined planes, it Is called a “hipped” roof (Bhgs. 
86 and 87), in which case two of the inclined sides 


to the base, and the vertical section a portion of 
any curve, convex on the outside, the roof is called 
a dome. 

COMMON TERMS. 

Wall-plates are pieces of timber laid on the wall 
in order to distribute the pressure of the roof 
equally, and to bind the walls together. Were it 
not for wall-plates, the tie-beams of a roof or the 
joists of a floor would rest on single bricks, whilst 
the spaces between the joists would not in any way 
assist in bearing the load. The wall-plate 
lying on the whole length of the wall, there- 
fore, spreads the pressure over all the bricks, 
and the trusses, or joists, rest on a frame of 
\ timber. 

Trmses are strong assemblages of timber, 
generally of a triangular form, ser\flng to 
support the purlins on which the common 
rafters rest. They are disposed at equal dist- 
— - ances, and are used when the expansion of the 

/ w’^alls is too great to admit of common rafters 
alone, which would be in danger of being bent 
or broken by the weight of the covering for 
want of some intermediate support. 

V They are variously constructed, according to 

the width of the building, the contour of the 
roof, and the circumstances of the walling 
below. 

Tie . — Any piece of timber connected at its ex- 
tremities to tivo others acted upon by opposite 
pressures, which have a tendency from each other, 
or to extend the tie as a rope or chain. 

StTamwiff-pieee.'—k piece of timber connected at 
its extremities to two others acted upon by opposite 
forces, which tend to press them together. The 
straining-piece, by being placed between them, 
serves to keep them apart, and, further, acts as an 
abutment for the external pressure. 

Hence, a tie and a straining-piece act in a manner 
exactly opposite to each other— the one draws the 
ends of two pieces of timber together, the other 
keeps them apoM. A rope, chain, or iron rod could 
be used for the tie ; but the straining-piece, which 
has to bear end-pressure, must always be stiff and 
inflexible. 

Principal Rafters, or, as they are sometimes 
called, “principals,” are the two pieces of timber 
which form the sides of a truss ; their lower ends 
being mortised into the end of the tie-beam, or 
resting in an iron shoe, whilst their upper ends abut 
on and support the head of the king-post. 

Horizontal pieces of timber resting 
upon the pmncipal rafters, and at right angles to 
them ; they pass from truss to truss, and across these 
again are laid the 

Common Rafters, which are pieces of timber of a 


—namely, those which slant from the long sides of 
the building— will be trapezoids, and the other two 
tmangles. 

But if the building to be covered be square 
(Figs. 88 and 89), and all the side.s slant equally, 
the roof will form a square pyramid, for the pro- 
jection and development of which see “ Projection.” 

When the planes of roofs, instead of being con- 
tinued until they meet in a ridge, take another 
slant at a certain height, 
they are called “curb” 

. . . or “Mansard*’ roofs 
/ \ (Fig. 90), from the name 

/ \ of their inventor, a great 

j \ French architect who 

lived in the ■ sixteenth 
! 1 century. They are much 

* ’ employed in France, and 

are hence often called Frencii roofs. When the 
plan of the roof is a regular polygon, or a circle, or 
’!in ellipse, the horizontal sections being all similar 
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smaller section, placed at equal distances across 
the purlins, parallel to the principal rafters. They 
support the boarding or battens to which the slating 
is fixed. 

The Tie-heam is the horizontal piece of timber 


into the king- or queen-posts, and above, into the 
principal rafters, which are supported by them ; or® 
sometimes, they have their upper ends framed into 
beams which are too long to support themselves 
wdthout bending. They are often called hraoes. 



j: which forms the base. of the triangle or other figure 

of which the truss may consist. As already men- 
tioned, it receives the ends of the principal rafters, 
and is strapped up to the king- or queen-posts. The 
tie-beam answers a twofold purpose — viz., that of 
preventing the walls from being pushed outwards 
by the weight of the covering, and of supporting 
the ceiling of the room below. In some cases it is 
found desirable not to place a tie-beam at the foot 
of the rafters, but to use it as a connecting link 


Puncheons are short transverse pieces of timber 
fixed between two others for supporting them 
equally. They are sometimes called 
BiTiining-hemi . — A piece of timber placed be- 
tween the queen-posts at the upper ends, In order 
to withstand the thrust of the principal rafters. 

Stmining-sill.—A piece of timber placed between 
the lower ends of two queen-posts, upon the tie- 
beam, in order to withstand the force of the braces, 
which are acted upon by the force of the covering. 



higher up, something like the horizontal line in the Cdinhef-heeinis . — These are horizontal pieces of 

letter A ; in this case it is called a Collar-heam. timber, made sloping from the middle towards the 

This is an upright piece of timber in ends on the upper edge. They are placed above 

the middle of the truss. The principals abut against the straining-beam in a truncated roof, for fixing 

its upper end, and the tie-beam is strapped or the boarding on which the lead is laid. Their ends 

bolted up to its lower end, and thus abutments run three or four inches above the sloping plane of 

are formed for struts, which give support to the the common rafters, in order to form a roll for fixing- 

principals in points between the tie-beam and the the lead. This is shown in Fig. 91, which is the 

king-post. roof- truss of the chapel of the Royal Hospital at 

Qiteen-;posts.^Vyr\^ht pieces of timber, framed Greenwich, constructed by Mr. S. Wyatt, 
above into the principals, and supported By a Auxiliary Rafters are pieces of timber framed in 
straining-piece or strut, whilst to their lower ends the same vertical plane with the principal rafters, 

the tie-beam is bolted or banded up at points under, and parallel to them, for giving additional 

between the wall-plates and the king-post. Some support when the extent of the building requires 

trusses are constructed without king-posts, queen- their introduction. They are sometimes called 

posts only being used. frincipal hraces, and sometimes “cushion rafters.” 

Struts are oblique straining-pieces, framed below Joggles.--T)xQ joints at the meeting of struts witif 



I 



king-posts, queen-posts, or principal rafters, or at 
^the meeting of the rafters with king- and queen- 
posts. The lest form is that which is at right angles 
to the length of the struts. 

Coching, or f 7 ^>< 7 ^'m^.----The particular manner of 
fixing the tie-beams to the wall-plates. One method 


straining-beam by an iron rod, H, which answers the 
purpose of a king- post. 

The following are the scantlings of the various tim- 
bers, which are given to enable the student to work 
this example to a regular scale, and which should 
not be smaller than a quarter of an inch to the foot. 


is by dovetailing ; the other is by notching the under 
side of the tie-beam, and cutting the wall -plate in 
the reverse form to fit it. 

Midge-tree . — A piece of timber fixed in the vertex 
of a roof, where the common rafters meet on each 
side of it. The upper edge of it is higher than the 
rafters, for the purpose of fixing the lead which 
goes over it to cover the ends of the slates in the 
upper course. 

Straps . — Thin pieces of iron running across the 
junction of two or more parts of a truss or frame of 
carpentry, branching out from the intersection in 
the direction of the several pieces. They ought 
always to be double—viz., one on each side of the 
timbers, and their ends strongly bolted to each of 
the pieces. 

The uses of these various parts will be illustrated 
in the subsequent examples ; but it must be under- 
stood that though every one of them may be found 
in the same roof, it is not necessary that any com- 
plete roof should have them all. The introduction 
of many of them depends on the distance of the 
walls, the contour of the roof, the partitions below, 
the quantity of head-room wanted in the garrets, 
etc. ■ ■ 

The three' annexed illustrations, from three ex- 
cellent English examples, are here given as affording 
not only sound instruction in the principles of con- 
struction, but as good studies for drawing. 

Fig. 91 is the truss employed in the roof of the 
chapel of the Eoyal Hospital at Greenwich, already 
alluded to. 

It is constructed with two queen-posts, B b, and 
has two struts, c c, from the foot of the queen- posts 
to the straining-beara, D, and which abut against a 
second straining-piece, E, underneath the first. The 
tie-beam, A, is also further suspended from the 


A. The tie-beam, 57 feet long, the span of the walls 
being 51 feet - - - . . - 


Inches 

scantling. 


B. Queen- posts - - - - - - • ' 9 x 12 

c. Braces - - - - - - " * ^ ^ T 

D. Straining-beam - - - - - - - 10 x < 

E. Straining-piece - - - - - - - ^ ^ I 

F. Principal rafters - - - - - - - 10 x ^ 

G. Camber-beam for platform 9 x <■ 

H. Iron rod supp)orting tie-beam- - - - - 2x2 

The trusses are seven feet clear apart. The 
platform is covered with lead, ^vhich is supported by 
horizontal be^ms 6x4 inches. The timbers of this 
are well disposed, and contain, perhaps, less wood 
than most roofs of the same dimensions. 

Ot course, the tie-beam must be drawn first, 
then the queen-posts, the principal rafters, and 
straining-beam ; next, the struts and straining- 
piece ; then follow the iron rod, the camber-beam, 
the purlins, and the covering. 

Fig. 92 is the roof of St. Paul’s, Covent Garden, 
London, designed by Mr. Hardwick and construrfed 
by Mr. Wapshot in 1796. 

This roof, although of the same general construc- 
tion as the last, varies from it in several particulars. 

There is a second pair of principals, H H, which 
are supported on the lower, P F, by studs, and the 
lower principals thus become only auxiliaries. The 
queen-posts, B B, are continued up to the principals, 
and a king-post, D, is carried from the ax:>ex to the 
straining-beam. 

The following scantlings are given for the same 
reason as in the last case : — 


A. The tie-beam, s]>anmiig 50 feet 2 inches 

B. Queen-posts - - - - 

G. Straining-beam - - - - - 

D. King-post (14 inches at the joggle) 

B. Struts' ' ^ , - - ■ , - - 

F. Auxiliary rafters at bottom - 

H. Principal rafters at bottom - 

I. Studs supporting the principals - 


Inches 
scantling. 
10 X 12 
9x8 

10 X 8 

9x8 

9x8 

10 X 8.| 

10 X SI 
8x8 
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It will be seen that this roof consists of an outer 
truss supported by an under one, the whole pro- 
jecting seven feet beyond the walls. 

Fig. 93 represents the present roof of Drury Lane 
Theatre, London. Here are both principal and 
auxiliary rafters, the tie-beam being suspended at 
two points from the former, and two from the latter, 
the two first queen-posts being the inner ones. 
These are kept apart by the straining-beam, against 
which they are pressed from the outer side by the 
auxiliary rafters. Struts are placed between the 
feet of the principal and the heads of the secondary 
queen-posts, and the bearing of the sub-rafters is 
still further reduced by a strut from the foot, and 
on the other side of the smaller queen-posts. The 
straining-beam is supported by a king-post, from the 
apex of the principals, which, in their turn, are 
supported by struts from the foot of the king-jDost, 
the other portion having a continuous bearing on 
the auxiliary rafters. 

Jig. 94 shows how the timbers are joined and 
strapped at the top of the queen-posts, the whole 
being tightened up by iron ^dges at the lower end 
of the iron strap. 

Fig. 95 shows how the ends of the tie-beams are 
strengthened by saddle-pieces, and how the princi- 
pal and auxiliary rafters are inserted and bolted on 
to them. It will be observed that the heads of 
both the bolts pass through the same iron plate, 
which is bent at the oblique part of th| saddle-piece, 
so that the head of the bolt may be at right ano*les 
to its length. ^ 

The method of drawing both the last figures is so 
precisely similar to the previous example, that no 
further instructions are deemed necessary. 

THE STEAM ENGIJSTE.— VL 

By Archibald Sharp, B.Sc., Wh.Sc,, AM.LC.B., 
Instructor m EngineeHng Design at the Centml histitution of 

the City and Guilds of London Institute. 

[Continued fromp, 293.] 

WORK DONE DURING EXPANSION. 

m have already seen that if a diagram be drawn, 
having the volume of an expanding fluid as ab- 
scissa! and the corresponding pressures as ordinates, 

the area of the diagram represents the external 
work done during expansion. If the fluid be com- 
pressed, the area of the volume-pressure diagram 
will evidently represent the work done by some 
external agency in compressing the fluid. There- 
fore, if a fluid work in a cycle, ahc da (Fig. 42), 
curing the expansion al^a the work done by the 
fluid is equal to the area a^ a I? & c, and during the 
compression, or back-stroke, the work done on the 


fluid is equal to the area d g da a!. Consequently 

the net work done by the fluid during one cycle is® 

the area of the ^ 

closed curve 

a'bcd. In this . 

case the direc- 

tion of the path / \ 

of the fluid is r V 

indicated by jV f 

the arrows; if j 

the arrows were j j 

reversed, i.e., if ol t [ ^ 

the path of “ 

the fluid were 

a del a, during one cycle the work clone on the 
fluid would be represented by the area of the closed 
curve. In the cycle ahedefa (Fig. 43), the net 
work done during one cycle is the difference of 
p the areas of the 

two closed curves 
/'■' ^ ^ C/~~the arrows 

J along the curve in- 

I \ cheating rotation 

watch-hand di- 
^ rection— and iicie .• 

the arrows here 
^ being in contrary - 

^ — — y watch-hand direc- 

Pig. 4S. tion. 

Hyjmrbolie Ex- 
pansion . — It will be instructive to work the follow- 
ing example;— A steam-engine has a cylinder 1 
square foot in sectional area, the stroke of the 
piston is 2 feet, the steam is admitted at a pressure 
of 80 lb. per square inch p ^ 
absolute, and cut off at J- 
stroke. Find the work j 
done per stroke. j j 

We will first calculate j \ | 
the steam-pressure in the 
cylinder at different parts e ° h p P 

of the stroke of the piston. ^ ° 

In Fig. 44, 0 V = stroke 

of piston = 24". Divide this up into a number 
of equal parts, say 8, and erect ordinates to 
represent the steam-pressure. At ordinates 0, 

1, and^2,y; = SO lb. per square inch. At A the 
expansion curve begins, its equation being v = 
constant. 

At ordinate 2, -y = (l, p = $0 p v = 480 . 

„ 3, «< = 0, ,) V = 4S0, .-.3, = ^ = OS-SB. 

.. 4. *> = 12, „ .■.p = m = i0-0. 

„ S, V = 15, „ „ = 4^ _ 30.0. 

■■ 0,«: = IS, „ .•. 3 . = ^“= 20 m • 
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At ordinate 7, v = - 4S0 - 22*86. 


= 20-00. 


4- 5, 

5- 6, 
G — 7, 




32'0 + 26*C0 
■ • 2 , 

26-66 + 22-S6 

" . Q - — - 

22-86 + 20 '0 


= 29-33. 
= 24-76. . 


: 21-43. 


The volume swept through by the piston in each 
X:)eriod is 144 x 3 = 432 cubic inches ; therefore — 


In period 0 — I , tlie work done is 432 x SO 
1 “ 


34,560 in.-lb. 
„ X 80 = 34,560 ,, 

■.i - 3, „ „ X 66-66 28,798 „ 

3 “4, ,, „ X 46-66 = 20,157 

4- 5, „ „ X 36-0 = 15,552 . . 

5- 6, „ „ X 29-33 = 12,670 

6 “ 7, „ ,, X 24-76 = 10,696 

7-3, „ X 21-43 = 9,-357 „ 

Work done per stroke = 166250 „ 
or 13,854 foot-pounds. 

The arithmetical work may be conveniently 
tabulated as follows:— 


Oidinate. 


Pressure. 

Mean Pressure 
during Period. 

lb, per sq, in. 
80 ' 

80 

80 

53*33 

40*00 

32*00 

26*66 

22*86 

20*00 

lb. per sq. in. 

80-0 

80*0 

66*66 

46*66 

36-00 

29-33 

24 '76 

21-43 


Work Done 
during Period. 


incli-i>ouiids. 

34,560 

34,560 

28,798 

20,157 

15,552 

12,670 

10,696 

9,257 


Total 10,6250 


The work miglit have been more expeditiously 
performed as follows : — The mean pressure during 
the stroke is the mean of the mean pressures in the 
tliird column of the above table ; if these numbers 
are added together and divided by eight, the result 
is the required mean jjressure during the stroke. 
But the third column need not even be calculated, 
for on referring Uy the detailed calculation above it 
^will be seen that the sum of the numbers in the 
l:hird column is 


80 -1- 80 80 + 80 , 80 + 53-33 , 53-33 -+ 40-0 

■ . o ■ .’4“ . if '■+* -”5 " ,+* — ^ — IT— 


, 26-66 -f 22-86 , 22-86 + 20 ' 00 

f . « ■ +■ -- -~r— — ■ 


We now can lind the work done in any part of 
the stroke included between two consecutive ordi- 
nates. For example : in the part of stroke 2— 3, 
if we consider the expansion curve A c to be a 
straight line the mean pressure during the period is 

== 66-66 lb. per square inch. 

Similarly — 

During x)cnod 3 - 4, mean pressure is = 40.(30. 


SO 


= ^ + 80 + 80 + 53-33 + 


, + 22-80 + 


20-0 



We have, therefore, the following rule for getting 
the mean pressure during the stroke :— Add half of 
the first and last or- 
dinates to the sum 
of the other ordi- 
nates, and divide by 
the number of equal 
parts into which the 
stroke ' is divided. 

This is known as 
“ Simpson’s Rule.” 

In our example the mean pressure is, therefore, 
48-11 lb. per square inch. 

The total pressure on the piston is 48*11 x 144 = 
6,928 lb. 

The work done per stroke = 6,928 x 2 = 13,856 
foot-pounds. 

Let j?i = initial pressure = o r (Fig. 44). 

„ vi = volume at cut-off = o 
„ == „ „ end of stroke. 

„ r = ratio of expansion = . 

Then for liyperholiq expansion the area aABV 
(Fig. 44) is eqqal toy;i Vi loge r.* 

The area o p A<3^ = 

Therefore area opabv = 2h ?-i (1 + log^. r), 
ioge being the “hyperbolic” logarithm, or the 
“ natural ” or “ Napierian ” logarithm of r, A short 
table of natural logarithms is given, Table III. 

Adiahatic Expansion . — Let the curve A c B (Fig 
44) be of the form j? = constant. 

In this case the area ^ A B v is 


% — 1 

This can be calculated as follows : — On page 153 
we proved that the area p a B (Fig. 44) is = n 
times area a B v. But it is also equal to a A B v+ 
O P A^- — 0 ^BV. 


. * . % X ^ A B V = ^ A B V + ^2 ; 

or A B V = 

n —'1 

Applying the general exact formula to the 
example given and already worked out in detail 

^ This can he proved as follows 

^2 
dv 


TheareaaABV = ^ pdv 
^'2 

: c (logg ro ~ vi) = c lo; 


= / 3 '^'“=' / I 

C -/ ^'2 Vi 


= Vi log. r. 
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TABLE III. 


HYPERBOLIC LOGARITHMS. 


' -4055 
•ino3 
1-2028 
lo041 
1*7047 
l'S7iS 
2 '0149 
2-1401 
2-2513 


The hyperbolic logarithm of a number is equal to its common logarithm multiplied by 2-3026. 

The hyperbolic logarithm of ten times any number is equal to the hyperbolic logarith of the numbe' 
4- 2*3026. For example: from the table IoQq 4-8= 1*5686; log^ 48 =r T5686 + 2*3026 = 3*8 712 
log^ 480 = 3*8712 + 2*3026 = 6*1738. 


we have /;|=80, ^1 = 144 x 6 = 864 cubic inches, 
loge 4 = 1*3863. 

Work clone per stroke = 80 x 864 x 2*3863 
= 164940 inch-pounds = 13745 foot-pounds. 
This is less than the approximate value first calcu- 
lated, the difference representing the areas of parts 
—like A 6 c w— included by the curve and its chord 
between the. extremities of two cdhsecutive ordi- 
nates. In this example the error is less than 1 x>er 
'■cent. ■ 

Baok During the backward stroke of 

the piston, work is done in forcing the piston 
against the “ back ” pressure in the cylinder. In a 
condensing engine the back pressure would be from 
3 to 6 lb. per square inch. In the example given, 
suppose a back pressure of 4 lb. per square inch, 
the work to be deducted per stroke is 

4 X 144 X 2 = 1152 foot-pounds. 

The back-x>ressure line D E is shown in Fig. 44, 
The cycle or “ indicator diagram ” is P A c B D e P. 

The net work per stroke = 13745 — 1152 , 

= 1 2593 foot-pounds. 

Cledranae ,' — In the above calculation, when the 
piston is at the beginning of its stroke, the space 
between it and the cylinder has been assumed zero. 
In practice there is always a considerable amount 
of space, called clearance, which has of course to 
be filled with steam at each stroke. The effect of 
this clearance space is to make the real and 
nominal ratios of expansion different. In the 
example given above, if the clearance volume were 
ith of the volume swept through by the piston 
during each stroke (calling a? this volume), the 


volume of steam at the beginning of expansion 
wmukl be -f = | r, and the volume of steam 
at the end of the stroke + = The real 

ratio of expansion would therefore be -^ = 3 

-|w 

the w^ork of an engine has to be estimated 
from an “ indicator diagram ” the procedure is as 


. . 1 „ . Fig. 47.. I 

follows : — Draw the two end ordinates at right 
angles to the atmospheric line jtjjj (Fig. 45), and 
divide the abscissa into ten equal parts, and at each 
division draw an ordinate (dotted lines, Fig. 45). 
This division can be most easily done thus : — Take 
a fully-divided drawing-scale and set its edge to 
the diagram so that the length a h (Fig. 45), inter- 
cepted between the end ordinates, is a multiple of 
ten divisions. The points a^, a», etc., at a dis- 
tance apart equal to one-tenth a h, are marked oft 
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THE STEAM ENGINE. 


with a needle or the drawing-pencil, and ordinates 
drawn through them. (A scale ot inches subdivided 
into fiftieths — see Drawing for Engineers — will be 
most suitable.) The lengths of the middle ordinates 
{full lines, Fig. 45) axe marked off in succession on 
the edge of a strip of section-imper (Bhg 46). The 


total length ab of this strip divided by 10 gives the 
mean effective pressure ” during the stroke to the 
same scale as the scale of pressures in the diagram. 

During an engine-trial the mean pressure is 
sometimes required as quickly as possible. Tlie 


For any particular engine s and a> are constant^ 
therefore 

Horse-power = x constant. 

■ ' 2i a s 

This engine constant = should be 

calculated for each engine. The horse-power as 
estimated above is called the “indicated horse- 
power” of the engine. “Brake horse-power” is 
the power actually transmitted from the engine, 
and is less than the indicated horse-power. The 
difference is spent in overcoming the internal 
frictional resistances of the engine. 

Advantage of mUig steam exj)answehj. — The 
student who has carefully read the foregoing 
lesson will see that to use steam economically it 
should be cut off early in the stroke of the piston. 
To fix the ideas better, consider the work done by 
a cubic inch of steam at 100 lb. pressure, the back 
pressure in the cylinder being 20 lb. If the steam 
be admitted during the whole piston stroke, the 
indicator diagram Will be of the form pi^ a a (Fig. 
48), and the work done per cubic inch of steam is 
pv:=: 100 X 1 = 100 inch-pounds. From this must 
be deducted the work done against the back pres- 
sure during the return stroke of the piston, viz., 
20 X 1 = 20 inch-pounds. If now the .steam be cut 
off at half-stroke, the diagram takes the form 
p A B b, and the work done per cubic inch of 
boiler-steam is proportional to this area. Similarly, 
if the cut-off t^kes place at -^-stroke, the work done 
by each cubic inch of boiler-steam is proportional 


following gives a good approximation : — Draw the 
end and middle ordinates of the diagram (Fig. 47). 
Draw the straight line A B so that, as accurately as 
can be judged by the eye, the area dj = area 
and area e=.area d. Draw the straight line CD 
so that the area e is equal to the areas / and g. The 
intercept pq of the middle ordinate between ab 
and c D is the mean effective pressure required. 

Horse-power . — Let p = mean effective pressure in 
pounds per square inch ; a the pi.ston area in square 
inches ; the stroke of the piston in feet ; and n 
the number of revolutions per minute made by the 
crank-shaft. 

Total pressure on piston lb. 

Work done per stroke = foot-pound. 

„ „ revolution = 2 6' „ 

„ „ minute z=z2 spa n „ 

2 span 
Horsepower = -3^- 


In this example an expansion of five times brings 
the steam pressure equal to the back pressure, and 
no advantage is gained by having a higher ratio of 


to the area pv ABQc. 
as follows 

Ratio 

of 

xpaiision 

■1 ■- - . 

. ' ■ ■ ■ 3 - ' - ■ " ■- 

■'4 ; ‘ 

' 5 '■ ■ ' - ■ 

(j 


The 


numerical results are 


Work done 
per cubic inch 
of boiler-steam. 

80 incli-pouuds. 

- 129*3 „ 

- 149*9 „ 

- 1.58-6 „ 

- 160-9 „ 

- 159*2 „ 


23 


354 
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expansion. With a lower back pressure the ratio 
of expansion might with advantage be higher. 
There are other factors, however, to be taken into 
account when determining the best ratio of expan- 
sion. These will be considered later on. 

JPlanimetcr , — The area of the indicator diagram 
can be quickly estimated by a planimeter. 

Fig. 49 shows a polar planimeter by Coradi, 
of Zurich. It consists of two arms, p and A, 
jointed together at the axis D. A needle- 
point, ®n the end of the arm p is pressed 
into the paper at any convenient place. On 
the arm A is mounted a graduated wheel, L, 
which rolls on the paper while the tracing- 
point/ at the end of the arm A moves once 
round the closed curve. The number regis- 
tered by the wheel L is proportional to the 
area of the closed curve. The length of the 
arm A between D and / is adjustable, and if 
this length be made equal to the length of 
the indicator diagram— as can easily be done 
in a planimeter intended to be used for indicator 
diagrams— the wlieel L registers a number propor- 
tional to the ‘^mean pressure.” 


cloth in the open width over red-hot plates or 
cylinders, or over a row of gas flames. 

Fig. 19 shows a usual arrangement of the plate- 
singeing machine. By means of the rollers r, 
driven by a small engine, the piece G is rapidly 
drawn across the two red-hot copper plates p p. 



DYEING OF TEXTILE FABRICS.— VI. 

By J. J. Hummel, F.C.S., 

Professor and Director of the Dyeing’Department of the Yorlcshire 
College, Leeds. m 

[Continued from p, 305.] 

OPERATIONS PRELIMINARY TO DYEING. 

COTTON BLEACHING. 

57. Bleacld%(j of Cotton Cloth or Calico. 
mode of bleaching is varied • according to the 
immediate object for which the bleached calico is 
intended ; thus, one may distinguish between the 
Madder -Ueacli, the Turltey-Ted’hJeacJt, and the 
Marliet-hleacli , 

Madder-bleach.— This, the most thorough kind 
of calico-bleaching, was originally so-called because 
it was found specially requisite for those goods 
which had to be printed and subsequently dyed 
with madder. * 

Stamping and Stitching . — For the purpose of 
subsequent recognition, the ends of each piece are 
marked with letters and figures, by - stamping 
them with gas-tar ‘or aniline black. The pieces 
are then stitched together, *end to end, by 
machinery. - . * ! . 

Singeing.— -Pins operation consists in burning off 
the nap or loose fibres which project from the 
surface of the cloth, since these interfere with the 
production of fine impressions during the printing 
process. It is performed by rapidly passing the 


against which it is depressed by the four bars of 
the iron frame D, capable of being* raised or lowered 
by the chain c. Immediately on leaving the plates 
the piece passes between two perforated steam 
pipes K K, and through the water trough B, so that 
all adhering sparks may be at once extinguished : 
H is a hood for leading away the products of com- 
bustion. The two plates are heated by means of 
the furnace below. 

The great difficulty in plate-singeing is to keep 
the plates at a uniform strong red heat, owing to 
the rapid cooling action of the passing pieces ; 
hence the “ revolving singeing roller” is a decided 
improvement on the plate. In this arrangement 
the flames from the furnace pass through a copper 
cylinder which slowly revolves, so that a fresh red- 
hot surface is continually presented to the piece, 
and a regular even singe is thus obtained. 

As a rule, hot-plate or cylinder singeing is pre- 
ferred for thick hea\-y cloth, but for light thin 
cloth— d.y., muslins, etc.— singeing by gas is gener- 
ally adopted. 

The gas singeing machine consists essentially of 
one or more rows of gas jets, over which the 
cloth is rapidly drawn. The gas is mixed with air 
just before being burnt, so that an extended lino of 
the well-known smokeless Bunsen flame is pre- 
sented across the full width of the piece. By means 
of levers the gas jets may be placed at any suitable 
distance from the cloth, or in case of accident they 
can be entirely withdrawn from it. 

^ The.preliminary work of stamping, stitching, and 
singeing is succeeded by the bleaching operations 
proper, which, for 24,000 kilos, cloth and with low 
pressure kiers, may be summarised as follows ® 
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1 1. Wash after singeing. 

I ^'2. Lime-hoii : 1,000 Mlos, lime, boil 12 hours ; wash. 

3. Lime-sour : hydrochloric acid, 2^ Tw. (Sp. Gr. 1*01) ; 

wash. " " ■ 

4. Ley-boils : 1st, 340 kilos, soda-ash, boil 3 hours. 

I 2nd, 800 kilos, soda-ash, 380 kilos, resin, 190 

,| kilos, solid caustic soda, boil twelve 

;| ■ hours. ■ , ■ ' 

I 3rd, 3S0 kilos, soda-ash, boil 3 hours ; wash, 

f 5. Chemicking; bleaching powder solution, Tw. 

(Sp. Gr. 1*00125— 1 '0025) wash. 

C. White-sour: hydrochloric acid, 2^ Tw. (Sp. Gr. 1*01), 

■ pile 1—3 hours. 

' . 7. Wash, squeeze, and dry. 

(1) Was/i after Singeing, — The object of this 
operation is to wet out the cloth and make it more 

; absorbent, also to remove some of the weaver’s 

i dressing. The pieces are drawn direct from the 

adjacent singeing house, guided by means of white 
glazed earthenware rings (“pot-eyes”), through a 
washing machine; they are at once plaited or 
folded down on the floor and there allowed to lie 
I “ in pile ” for some hours to soften. By this first 
i ’operation, frequently called “grey-washing,” the 

i pieces, hitherto in the open width, assume the 
f chain form, which they retain throughout the whole 
of the succeeding operations. 

(2) Lime-'boil (“Lime-bowk”). — The pieces are 
now run through milk of lime, and drawn by over- 
liead winches into the kiers, there to be plaited 
down and well packed by trampling under foot. 

Two boys enter the kier, and by means of small 
sticks they direct the incoming cloth to any desired 
position. 

Fig. 20 shows an ordinary low-pressure kier, A, 
partly in section. The pieces rest on the perforated 
I false bottom c, being carefully packed around the 

I central puffer-pipe B. Water beingthenrun in, the 

I lid D is screwed down and steam is admitted 

I through the pipe H, the two-way valve K, and the 

ji pipe J, immediately beneath the puffer-pipe. As 

I soon as the water below the false bottom begins to 

boil, a portion is ejected up the puffer-pipe and 
I spread over the cloth by means of the bonnet M. 

! It filters gradually through the cloth, soon to be 

I ejected as before, and thus an intermittent cir- 

; culatioii of the boiling lime-water is maintained, 

j Other accessories of the kier shown are the steam- 

■ pressure gauge L, the liquor or water-pipe I, and the 
I let-off valve G. 

The essential action of boiling with lime is to 
decompose the fatty, resinous, and waxy impurities 
present in the fabric. They are not removed, but 
remain attached to the fibre in an altered form, as 
insoluble lime soaps,, which can, however, be readily 
^ got rid of by the subsequent processes. 

J Care must always be taken that a sufficiency of 

f water is present in the kier, otherwise the cloth, 


1 


especially that at the top or the bottom^ is liable to 
be tendered. Too much liquor is almost equally 
objectionable, since the pieces are then apt to 
become entangled and damaged by tremulous 
boiling. 

Instead of the low-pressure kier, other forms of 
kier may be employed, chiefly with the view of ob- 
taining better circulation and decreasing the time of 


K 



boiling. Barlow's Hers are worked in pairs, the 
bottom of one being connected with the top of the 
other. Both kiers are filled with cloth, and the boil- 
ing liquor is forced several times from one to the 
other alternately, issuing from central perforated 
pipes and thus through the cloth. Pendlehimfs 
Hers are precisely similar in arrangement. In the 
vacuum 7der of Mason and others the liquor is cir- 
culated by a pump, first pumping out the air from 
the kier filled with cloth, and then admitting the 
boiling liquor. In Mather & Platt’s injector Her, the 
central pipe is absent, and the liquor is circulated 
by an external steam injector connected by pipes 
with the upper and lower parts of the kier. 

(3) This operation, also called the 

“ grey sour,” consists in washing the pieces with 
dilute hydfochloric acid in a machine identical wuth 
the ordinary washing machine. The above-men- 
tioned ^ insoluble lime soaps are thus decomposed 
and the lime is removed ; any other metallic oxides 
present are also dissolved out, and the brown 
colouring matter is loosened. Hydrochloric acid is 
preferred to sulphuric acid because it forms a more 
soluble compound with the lime. Care must be 
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stains if left in the tier too long after the alkaline 
liquor has been drained away, it is well to wash 
immediately after the ley-boils. 

(5) Chemiolmig,— Alter all the previous operations 


taken to maintain the strength of the dilute acid as 
uniform as possible, both by having a regular flow 
of fresh acid from a stock cistern, and by making 
occasionally rapid acidimetrical tests. After sour- 




the cloth retains a faint creamy tint, and the 
object of chemicking is to destroy the traces of 
colouring matter still present. The pieces are 
passed through a very dilute solution of chloride 
of lime or “ bleaching-powder,” in a “ chemicking ” 
machine, which is exactly similar to that employed 
for washing ; they are then allowed, while still 
moist, to remain in pile and thus exposed to the 
air for several hours or over-night. The bleaching 
action, which must be considered as one of oxida- 
tion, takes place largely during this exposure, hypo- 
chlorous acid being then liberated by the action of 
the carbonic acid of the air. 

It is essential that the bleaching-powder solution 
should not be too strong, otherwise the cloth may 
be tendered or be partially changed into oxycellu- 
lose, and thereby caused to attract certain colouring 
matters in the dye-bath, or to contract brown stains 
during subsequent processes, steaming. For 
the same reason the solution of bleaching-powder 
must be entirely free from undissolved particles. 

The bleaching power of the liquor should be 
maintained as constant as possible by having a 
continual flow of fresh bleaching-powder solution 
into the machine, and by occasionally testing how 
much of the liquor is required to decolourise a 
specially prepared standard solution of arsenite of 
soda, tinted with indigo extract or cochineal decoc- 
tion. 

(6) White-souT.—l^hi^ operation does not diflgi' 
from the lime-sour already described. Its object is 


ing, it is advisable not to leave the pieces long in 
their acid state, but to wash them as soon and as 
completely as possible, otherwise a tendering action 
may take place. 

(4) Ley- or Lye-hoil.-- The objecifof this operation 
is to remove the fatty matters still remaining on 
the cloth. The fatty matters having been decom- 
posed during the lime-boil, and the lime having 
been removed from the lime soaps by the souring, 
the fatty acids still remaining on the cloth are 
readily dissolved off by boiling with alkaline solu- 
tions. The brown colouring matters are also chiefly 
removed at this stage. The boiling takes place 
in exactly the same kind of kiers as those used for 
the lime-boil. 

Some bleachers, as already indicated, boil with 
soda-ash alone, before the resin-boil, in order to 
neutralise any traces of acid accidentally left in 
the cloth from the souring. Another plan to avoid 
tendering is to let the goods steep or “ sweeten ” 
in a weak soda-ash solution for a short time, and 
then to draw it off again before commencing the 
boiling operation with “ resin soap.” 

The boiling with resin soap is a very special feature 
in the madder-bleach. Experiment has shown that 
it removes certain matters which would subse- 
quently attract colouring matter in the dye-bath. 

The boiling with soda-ash solution after the 
** resin-boil ” is useful, in order to ensure the com- 
plete removal of fatty matters and undissolved resin. 

Since the cloth is very liable to contract iron 
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to complete the bleaching action by decomposing 
any “ chloride of lime ” still in the cloth, also to 
remove the lime, the oxidised colouring matter, and 
any traces of iron present. The cloth usually 

i remains saturated with the acid a few hours. . 

(7) The final washing must be as thorough as 
possible. ' It , is usually performed by the square 
; beater machine, while the squeezing is done by 

Birch’s machine, both of which will be illustrated 
subsequently. After squeezing, the cloth is again 
opened out to the full width, previous to drying. 
This is effected by allowing a good length of the 
' ^ . cloth- chain to hang loosely and horizontally, and 

in this position to pass between a pair of rapidly 
revolving double-armed scutchers, which shake out 
the twists from the horizontal length of cloth. On 
i leaving the scutchers, the piece which is now in the 

' open width passes in a state of tension over one or 

more rollers provided with spiral projections, 

,, which tend to open out the cloth still more 

' thoroughly ; in this state it passes round the steam 

I * cylinders of the drying machinei 

The average length of time required for the 
madder-bleach is four to five days. 

The Steamer-Uer BleaoUng Process.--ln 1885 
Mather & Platt introduced the so-called steamer- 
kier represented in Figs. 31 and 22, whereby the 
duration of the bleaching process is shortened and 

the cost in labour, coal, and chemicals much reduced. 

It consists of a horizontal boiler into whicli two 
waggons, having perforated bottoms and filled with 
cloth, may be run on wheels. After closing the 
vertically sliding door of the kier , steam is admitted 
' and the necessary liquor is sprinkled over the 

goods, being raised from an externally situated 
tank by means of a centrifugal pump connected 
with the top and bottom of the kier. During the 
boiling process an excellent circulation of the 
liquor is thus maintained. After boiling, the cloth 
may be washed in the kier itself by circulating 
boiling water. The kier is provided with two pairs 
of waggons, so that while the cloth in one pair is 
being boiled the other pair can be emptied and re- 
i filled with cloth, and thus loss of time is avoided. 

; To effect a madder-bleach by the steamer-kier, 

i the series of operations may be the same as those 

: already described, but very good results are also 

I obtained by the following curtailed process 

1 1. Sour: pass through dilute H2SO4, S'* Tw. (Sp. Gr. 

' 1 *015°) ; pile 2—3 hours ; wash and squeeze. 

2. Tjey-prepare : pass through following solution at 70° G, ; 
20 litres bisulphite of soda, 60“ Tw. (Sp. Gr. 1*3) ; 
20 hilos. NaOII (solid 72 per cent.), l,S0O litres water ; 
pile in steamer waggons. 

^ 3, T^ey-boil (or steam) : Boil in steamor-hier 6—8 hoitrs at 

J 10 lb. pressure, with circulation of resin-soap liquor; 

j 20 kilos. NaOH (solid 72 per cent.), 40 kilos, soda-ash, 


20 kilos, resin, 2,000 litres water ; wash 4 times Q to 
1 hour each time) with boiling water, and once with 
cold water, in kier. 

4. Ohernicking : pass through dilute bleaching powder 

solution, i“Tw, (Sp. Gr. 1*0025); WJish. 

5. Sour : pass through dilute sulphuric acid, 2“ Tw, (Sp. 

Gr, 1*01); wash and dry. 

The object of the first souring is to decompose 
insoluble compounds of fatty acids, to remove cal- 
careous and other mineral matter, and render 
soluble the starchy matter present. The addition 
of the bisulphite of soda to the iey-prepare is to 
prevent, by reason of its reducing power, any oxida- 
tion and tendering of the fibre during the steaming 
or boiling process. 

Tukkey-bed-blbach.— When calico is intended 
to be dyed Turkey-red, certain modifications are 
introduced. It is found, for example, that singeing, 
and the application of bleaching-powder which 
causes the formation of oxycellulose, interfere with 
the production of the most brilliant colour. The 
apparatus employed being similar to that already 
described, it is only necessary to give the following 
summary of the operations usually carried out 

1. Wash. 

2. Boil in water for two hours and wash. 

3. Ley-bofls : 1st, 90 litres caustic soda, 70“ Tw. (Sp. Gr, 

1*35), boil ten hours and wash. 

2nd, 70 litres, ditto, ditto. 

4. Sour; sulphuric acid, 2° Tw. (Sp. Gr, 1 ’01), steep two 

hours. 

5. Wash welkiand dry. 

The above quantities of materials are intended 
for 2,000 kilos, cloth, with low-pressure kier. 

Maekbt-bleach.— In market-bleaching the es- 
sential difference consists in the absence of the 
boiling with resin-soap, and the introduction of 
tinting the cloth with some blue colouring matter 
previous to drying. With many bleachers, the 
operation of ohernicking comes between the two- 
ley-boils, and not after them, as is usually the case. 
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COLOUEIHG DRAWINGS (continued). 

The three rules to be remembered in shading any 
surface may he enunciated as follows * 

1. The amount of light per unit area falling on a 
surface is roughly proportional to the cosine of the 
angle between the normal to the surface and the 
direction of the rays. 

2. Of two surfaces receiving equal amounts of 
light that which is nearer apjpears the lighter. 

3. Of two surfaces in shadow that which is 

nearer the darker. 



I 

1 

I 








i 
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Let us apply these rules to the shading of a 
vertical cylinder (Fig. 51). c is the centre of the 
circle forming the plan, ah 2 ^ diameter parallel to 
X Y the ground-line, <? 0 a radius at right angles to 
a h. Then a eh is the half of the surface visible in 
the elevation. Draw the radii c d and c f inclined 
d d' 4 e / h' 4 !, 


^ Mill u r 






0'1‘21 31 4* 5‘ 






45*^ to a h. Then the surface to the right of /is in 
shadow, and in the elevation the darkest strip of 
shading will be just to the right oiff; the shading 
will be a little lighter towards the edge W. 

The light strikes the surface most directly at 
but e is the part nearest the spectator, so the 
lightest strip on the surface will be somewhere 
between d'd! and de\ say g' g\ T^is part of the 


■ 



0T2' 3 4' 5' 676 





paper should be left white and the shading get 
gradually darker towards the right until the 
maximum shade at ff is reached. The shading 
on the left of g'g' should get gradually darker until 
the edge a! a! is reached. 

For working out an example take a cylinder 2'* 
diameter and 2^/ high. Divide the front semi- 
circumference a h (Fig. 52) into a number of equal 
parts, say 8, and project up the corresponding lines 
1' 2' 3' etc. on the elevation in very faint pencil 
lines, The darkest strip is between the lines 


6' and 7 ; give a fairly dark wash of Indian ink to 
this strip. When dry, take a much lighter wagh 
and cover the same strip and the adjoining strips 
on each side of it, that is, colour the space 5' 8' : 
when dry, take a third and still lighter wash and 
colour space 4/ 8'. This completes the shading on the 
right of the lightest 

, ,0 . 

strijD. The shading on , 

the left side is done in hv f‘ i 


JL IXKJ KJIL | 

the left side is done in f 

the same way: O' T 

©•Ats n. wsieT-s • X., 


gets a dark wash ; 
when ‘dry, a second 

light wash is given to 

the same strip and the 

adjoining one, i.e„ to ^ 

the space 0'2'. The 
space 2' 4' may be left ^ 
white. 

Care must be taken 

to choose the tints so 1 — 

that the change from rj- 

the white paper at » 

2' 4' to the darkest strip at 6' V is gradually 
effected. Fig. 52 shows a cylinder shaded in this 
way . When the student has practised this example 
and can do it fairly well, he may take 12 or 16 divi- 
sions in the semi-circumference, and so get a more 
gradual change of shade. 

Fig. 53 shows plan and elevation of a hollow 
half-cylinder, divided up into strips in the same 
way as in Fig. 52. Here the space 0' 4' is in 
shadow, and 0' 1', being the strip nearest the eye, 
will be the darkest. The light falls on the surface 
at 6' most directly, but 8' is nearer the eye. We 
may therefore make the strip 6' 7' the lightest. 
The line 4' is the boundary of the shadow cast by 
the projecting left-hand portion of the cylinder. 
Except in highly finished drawings cast shadows 
need not be drawn, so the student in practising 
this exercise will vary the tint from the darkest at 
0' V to white at 6' 7', and then a light tint on T W. 

On working drawings round parts may get a 
narrow strip of the body colour on one side and a 
broader strip on the other. Divide the semi-oir- 
cumference a h (Fig, 54) into five equal parts, then 
the elevation may be coloured on spaces 0' 1' and 
3' 5'. This colouring suggests rather than imitates 
roimdness. 

Fig. 55 shows plan and elevation of a horizontal 
cylinder. In shading the plan, the light is assumed 
- to come in the direction A B, represented in plan 
and elevation hj ah and a! h\ These lines are also 
the plan and elevation of one of the rays assumed 
to fall . on the surface in shading the elevation. In 
the plan, then, the top and right-hand edges ' of 
projecting part cast shadows ; and if shade lines 
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f' to I", according to the size of the drawing-paper 
and the number of words in the title), divide it into 
five equal parts, and draw the sis horizontal lines. 


are used, they must be put on top instead of bottom 
, edges as shown in Fig. 25. 

Some engineers prefer to shade the plan by rays in 


the direction c D (plan ij d, elevation <?' d'). Which- 
ever of these two assumptions is made, the student 
must be careful to put in all shade-lines and 
shadows consistent with that assumption. 


as in Fig. 56, lightly ^ ii iiiiinTnr 

with the pencil. Draw 
a series of equidist- 

the' space to ff H 

by theletters 6 P 58. 

into a num- ^ 

her of equal squares. The spacing of these vertical 

lines can be most easily done by drawing a series of 


LETTEEING- AND PiaXJEING. 

The title and scale of a drawing should be placed 
in a prominent part of the paper ; block letters are, 
perhaps, the most suitable. Fig. 56 shows the 
alphabet in block letters. Block letters can be 
drawn mechanically as follows : — Having chosen the 
height of the letter to be used (which may be from 
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the pen in a circle. The letters are all formed bj 
combining straight lines and circular arcs. Fig. 
shows some of the pens and the writing done by 
their use. The advantage of Round Writing is that 


lines inclined 45°, as shown in Fig. 56 ; the inter- 
sections of these lines with the horizontals determine 
points through which the verticals are to be drawn. 

- ' ■ The curved parts of the letters 

— circular arcs (whose centres 
I are indicated by the dots), and 
/i \y can be inked in at once by the 

'll / \ #1 spring bows ; the straight parts 
y I can be ruled in by the drawing- 
siiown in the first few 
letters. These lines should be 
inked in as thick as possible, so 
that the space between a pair of them can be filled 
in by rapid strokes of the brush without fear of over- 
stepping the boundary. The pencil lines are rubbed 
out when the inking-in is finished. After a certain 
amount of practice, the student will be able to dis- 


pense with the mechanical helps, and will make the 
letters freehand with brush or pen. Indeed, well- 
formed freehand letters will look much better than 
those shown in Fig. 66, 


it can be done very quickly after a little practice^ 
and it looks very well on mechanical drawings. 
It is much easier to learn to do neatly thau; 
block or italic letters. Fig. 60 shows a “ Writing- 


Fig. 57 shows the alphabet in “ Round Writing,” 
which is used extensively by continental draughts- 
men, and which deserves to be better known in 
Britain. It is written with Soennecken’s, pens, 
which have very wide points. The pen is held so 
that its wide “ point ” (Figs. 58 and 62) makes an 
angle of 45° with the direction of the line to be 
written upon. As the pen moves over the paper 
its direction is kept invariable, so that, if moved 
from the position shown along lines 1 or 7, a thin 
line is produced ; while if moved in any other direc- 
tion a thicker line is produced, the thickness being 
greatest when the line drawn is at right angles to 
line 1 or 7. Fig. 59 shows the result got by moving 


Instrument ” carrying three pens, and Fig. 61 is an 
example of the writing done by it. 

Italic letters (Fig. 63) are also used for lettering- 
mechanical drawings. The student is recommended 
to learn Round Writing first, then Block Lettering, 
and, lastly, Italic Lettering. 

Figures used for marking dimensions should be- 
as plain and distinct as possible. Fig. 64 may serve 
as a model for figures. When a dimension is 
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expressed in feet and inches, a considerable space 
ought to be left between the figures indicating the 
different units, or what was intended to read, say, 
P 6" may be read off 16^^ 


WOOLLEN AND WORSTED 
SPINNING.— VI. 

By Walter S. B. McLaren, M.P. 

[Continued from p. 813.] 

WOOL WASHING AND OILING (contiMied). 

44. Test for Oil— The best oils are those which 
oxidise least, remain fluid longest, and saponify 
with the greatest facility with carbonate of soda 
without the addition of heat. The power of re- 
maining fresh and unrancid is also of prime im- 
portance, and in this olive oil is pre-eminent. The 
following receipt is given for testing oil Take a 
portion of oil and stir it up with forty parts of a 
solution of carbonate of soda of three degrees Baume. 
If the oil forms a milky emulsion, without any oily 
drops on the surface, it is a guarantee for a good 
greasing of the wool. 

45. Quantity to he used . — For worsted yarns the 
less oil that is used the better ; three pints per pack 
(240 lb.) is quite enough for ordinary English 
wool. Very strong wool needs more, and absorbs 
it without showing that much has been used. For 
woollen yarns the following are very common 


quantities where the fibre is short and shoddy 
largely used. When the yarn is sold in the grease,, 
for every 100 lb. of .wool, 18 lb. of oleine and 30 
lb. of water a^e mixed with it. Where the yarn 
sold scoured, 12 per cent, of oleine and 30 per 
of water are considered enough. The water should! 
be hot and mixed with the oleine, a little 
ammoniac being used to help the assimilation. In 
making vigogne or angola yarns, which are mixtures 
of cotton and wool, the wool must be w'ell mixed 
with the above proportions of oil and water before 
the cotton is put to it ; otherwise the yarn will not 
be regular. 

46. CaThonisatio>)i.—The subject of carbonisation 
may be dealt with here, as it comes under the 
description of "washing. All wool before being 
salted contains much vegetable matter in the shape 
of seeds, grass, moss, burrs, and such things. Most 
of these can be taken out in the sorting, or fall 
in the carding and combing, but some of them, 
especially burrs, cling so tenaciously to the fibre 
that they are carried through every process inte 
the cloth. Among the worst classes of wool in this 
respect are Port Philip, Cape, and Buenos Ayres ; 
they are often literally one mass of burrs. To pick 
them out by hand is impracticable, while if the 
wooTis carded with them in, though some may be 
knocked out by burring rollers and other machines 
for the purpose, a great number are opened, and 
laid lengthways along the fibre, in form resembling 


ja3o 
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a small centipede, and in this state adhere more 
firmly than before to the wool. The only effectual 
method of removing them is by carbonisation. 
iSometimes this is done to the wool immediately 
after washing; at others it is done to the cloth 
before or after milling. The process is generally 
called carbonisation of wool or cloth, but it is not 
the wool which is carbonised, but the vegetable 
matter adhering to it. The effect is to reduce the 
vegetable fibre to cinders or dust, so that it will 
fall out when the material is washed or shaken. 

47. Methods emploi/ed . — There are two methods 
most commonly employed for doing this. The one 
is to saturate the wool with dilute sulphuric acid 
of 4P to 5° Baum6, which is afterwards removed 
by “whizzing” the wool in a circular hydro-ex- 
tractor. The wool is then spread out in a room 
heated to 250® Fahr., in order that it may dry 
quickly. The air being so hot absorbs the moisture 
very rapidly, leaving the acid in the wool. The 
acid, which has a strong affinity for water, lays 
hold of the burrs and other vegetable matters which 
still retain moisture, and extracts it, from them, 
leaving only the cinders, which are little else but 
carbon, and which crumble away when the wool is 
afterwards washed. In extracting this moisture, 
however, the sulphuric acid is decomposed, and if 
any is left, it is so little as to do no harm to the 
fibre of the wool, especially as the wool is immedi- 
ately washed. The other method^ is known as 
Joly’s process, from the name of its inventor, a 
Frenchman. By it the wool is saturated with a 
solution of chloride of aluminium of 6® -to 7® of 
strength Baume, about 8 to 10 lb. of chloride 
being used to 16 lb. of wool. The wool is then 
whizzed in a hydro-extractor, and well dried in the 
ordinary way. After it is quite dry, it is taken to 
the carbonising room, which is heated to 212® Fahr., 
and left there for three-quarters of an hour. It is 
then washed with water and fuller’s earth, by 
which all the chloride is removed, and the car- 
bonised vegetable matter washed away. This method 
is the one generally adopted now, as it is simplest 
and safest for the wool, and at the same time 
attended with least inconvenience to the workmen. 

Carbonisation can also be effected by the fumes 
of muriatic acid. The wool is placed on hurdles in 
an air-tight room, and exposed to its action for three 
or four hours, after which the temperature is raised 
to 212® or more. In a short time the heat is 
stopped, fresh air is let in, and the wool, when 
cool, is washed. The wool before being fumigated 
must be almost, but not quite, dry. 

48. Wool not Iiijitred if Care he Tadten , — Before 
treating wool in any of these ways it is necessary 
to have it thoroughly washed, so as to remove 




every particle of grease. If this be not done, the 
result will be that the wool will be made tender,^ 
and cannot be milled, while it will not dye well. 
Experiments have been made to test this, and it 
has been found that “ the sulphuric acid, acting on 
imperfectly cleansed wool, sets at liberty the fatty 
acids of the grease, which fix themselves on the 
wool, and cannot be got rid of by the ordinary pro- 
cesses.” In addition to this, the grease that 
remains clogs the saw-like edges of the wool, 
gluing down the points of the serratures, thus 
making the edges smooth and unable to felt; 
and the fibres themselves are considerably weak- 
ened, so that on being milled they do not form a 
compact mass, but are liable to be torn or worked 
into holes. Where, however, the wool has been 
perfectly washed before being treated with the 
acids, no injury whatever is done to it ; provided, 
of course, that the carbonising is effected properly, 
and that the whizzing in the hydro-extractor is 
sufficient. Wool washed in the usual way, and 
wool washed and carbonised, have been micro- 
scopically examined, and the scales and serrations 
of the latter have been found to be just as clear 
and perfect as those of the former. Strange to 
say, the strength of the fibre in the latter case is 
even increased. Herr Weisner, of Vienna, tested 
horse-hair and the hair of the Angora goat, and 
found that when the acid did not exceed 4 per 
cent., or the heat 60° to 65° C., fibres which pre- 
viously had broken with a weight of 480 grs,, now 
only broke with 568 grs. When the acid was 
raised to over 7 per cent, the fibre was weakened. 
Though wool will not bear an equally strong acid, yet 
if treated in proportion, its strength is not injured. 

49. Wiesner's JExj^eriments . — The following de- 
scription of Herr Wiesner’s experiments is worth 
reproducing here, as showing the different ways in 
which vrool must be treated according to the char- 
acter of the vegetable matter which it is desired to 
carbonise. After examining many kinds of wool, 
he found that the vegetable matter might be 
divided as follows: — 1. Burrs of various kinds. 
2. Fragments of straw and grass. 3. Raw textile 
fibres, such as jute. 4. Fragments of leaves, etc. 
5. Dung, which was composed of pure woody or 
cuticular cellulose. Now there are three kinds of 
cellulose. It exists in a state of almost absolute 
purity in the bark and pith of the impurities in the 
wool, and in the dung. The solid cellular tissue in 
all vegetable matter consists principally of ligneous 
cellulose, and the cuticular cellulose is found in the 
rind of fruit, leaves, and stems. 

“ In his experiments,” says the Textile Mamifac- 
tnrer^ “ Herr Wiesner employed for pure cellulose, 
Swedish filtering-paper ; for ligneous cellulose, jute ' 
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and thin pine-wood shavings; and for ciiticiilar 
^ cellulose, raw cotton. These substances were 
plunged into the sulphuric acid solution of given 
strength, left there for about a quarter of an hour 
at the temperature of the atmosphere, pressed care- 
fully between sheets of filtering-paper, and then 
submitted to the action of a certain degree of heat. 
With an amount of acid equal to 1 or 2 per 
cent., and a temperature of 40° to 50° C., the 
ligneous fibres, at the end of three-quarters of an 
hour or an hour, became brittle, and brownish in 
colour, and at 55° they were carbonised. Pure 
cellulose presented rather more power of resist- 
ance; with 1 to 2 per cent, of acid it became 
brittle at the end of about an hour at 50° to 55°, it 
began to turn brown at 60°, and to blacken at 
about 65° ; cotton did not become brittle till the 
heat was 60° to 62°, began to turn brown at 70° to 
72°, and did not carbonise until the temperature 
reached several degrees higher. With a more con- 
centrated solution, and greater heat, the decom- 
position of the three kinds was more rapid, but the 
differences remained the same between them. 
Before any signs of decomposition appeared the 
fibres all became so brittle that the slightest pres- 
sure reduced them to powder ; it is therefore 
evidently unnecessary to burn or carbonise vege- 
table matter to purify wool from it. Vegetable 
substances, in carbonising, give out a smell of 
caramel, burnt sugar; the carbonised matter con- 
tains a brownish substance, soluble in water.” 

Thus it is seen that these vegetable substances 
can be removed from wool in an hour by employing 
3 to 3 per cent, of sulphuric acid, and* a tempera- 
ture of 50° to 60° C. This is a matter which de- 
serves much more attention from English manu- 
facturers than it 3*eceives, especially in the worsted 
trade. .Woollen manufacturers who make shoddy by 
extracting the wool from rags which have cotton in 
them are, of course, familiar with it. As is often the 
case, the warp may be cotton, and the weft worsted, 
or vice versa, and the rags are then treated as above 
<lescnbed, till only the wool is left. It is then 
worked up into shoddy, and mixed with more wool, 
to be again spun into yarn, and woven into cloth. 

50. Emtraction of Oil from Boa;p^suds, — A few 
words should be said regarding the extraction of 
oil from the refuse soap-suds, though this is not the 
pMce to describe all the chemical operations. The 
saving is so great, however, that no wool- washer 
ought to allow his suds to run away in the form 
they leave the bowls. Tanks are prepared to 
receive the suds, and when a tank is full, a certain 
quantity of vitriol is poured into it. This causes 
the sud to curd or crack, and the grease and all 
^ solid matter fall to the bottom, leaving the water 


comparatively' clear. This water is then run off 
down the drain, and the thicker portion at the 
bottom is afterwards run into a filter-bed of sand 
and gravel, through which the rest of the water 
gradually filters, leaving the solid and greasy 
matter behind. This is laid in cloths and called 
“puddings,’' which are pressed in hydraulic or 
steam presses till all the oil is squeezed out. From 
what is left, potash and other ingredients can be 
extracted, and the refuse is used as manure. The 
oil must be purified, and can then be used with 
great advantage for soap-making or lubricating. 
As it is not worth while for each wool-washer to 
do this for himself, it is usual to sell the suds to 
extractors, whose business it is to carry out this 
operation. The price is, of course, clear gain to 
the washer, and the process has, at times, been very 
profitable also to the extractor, especially when 
much greasy colonial wool is used. 


THE DIFFEHENCB BETWEEN WOESTED AND 
WOOLLEN. 

51. Worsted and Having now con- 

sidered the processes employed in the sorting and 
washing of wool, it is well to understand wHat is 
the difference between the two sorts of yarn, 
worsted and woollen, into one of which it must be 
spun. Every spinner knows which class of yarn he 
spins, and most persons familiar with the trade 
could tell at 4 )nce whether any given piece of yarn 
was worsted or woollen, but at the same time 
might find it difficult to say what characteristic it 
was which made yarn belong to the one class, and. 
not to the other. Yet it is essential to know the 
difference between the two in order that the prin- 
ciple of the various operations in their manufacture 
may he properly understood. 

52. .Former Distinction Vnienalle, — It used 
always to be said that worsted was made of long 
wool which was combed, and woollen of short wool 
which was carded ; the characteristic difference 
between these two processes being, that in the 
former the short wool is separated from the long, 
which alone is spun, while in the latter the short 
wool remains mixed among the long, and all the 
little lumps and knots are opened out by the action 
of the card- wires, so that the yarn may be com- 
paratively smooth, and yet gain in bulky appear- 
ance owing to the short hairs in it. Formerly this 
was approximately correct, but it is no longer so ; 
and the distinction, even if correct, would be en- 
tirely unscientific, because it leaves unanswered 
the question, Why must a worsted yarn be combed 
and a woollen one carded? what is the principle of 
the two processes which makes the difference in 
the result ? 






THU NEW TECHNICAL BDUG^TOE. 


o3. Bif erence not in Lengtliynor in Corribing and 
Cajrding,—-lri t]iQ first place, the terms “ long’’ and 

short ” are too vague, for, owing to the increased 
perfection of machinery, wool less than 2 inches 
long can be combed, while other wool of 6 or 8 
inches is regularly carded, and even wool of much 
greater length can go through the cards with little 
injury. Botany wool of 2 inches long is made into 
merino cloth ; while Cheviots and other similar 
wools of 5 or 6 inches long are made into rough 
woollen goods. It is clear, therefore, that the dis- 
tinction between worsteds and woollens depending 
on the length of the fibre is no longer tenable. 
Nor is the distinction that one is combed and the 
other carded satisfactory. All woollen yarns are 
carded, or, to use another name, “scribbled”; but 
a large proportion of worsted yarns are carded also. 
There are three main classes of worsted yarns, 
which, however, to some extent overlap each other. 
The first is composed of long English and similar 
wool, which is combed after passing through what 
are known as “preparing boxes.” Of the second 
class, yam made of Botany wool may be considered 
representative, for the wool is short, and is first 
carded and then combed. Carpet yarns and coarse 
“ fingering,” or knitting yarns, compose the third 
class, and are made of wool of various lengths, 
which are carded without being combed afterwards, 
as the object in making them is to have them soft 
and bulky. These different classes <^nnot be kept 
distinct. A “ top ” of combed English wool may be 
mixed with one of carded and combed Botany to 
give it a finer quality; or the carpet yarn may 
have some combed wool to make it more level, and 
other combinations may be made. This shows that 
the idea that worsted yarn must be combed, and 
that all carded wool is spun into woollen yarn, is 
entirely erroneous, and a more accurate distinction 
must be found. 

54. Difference not in Mule and Throstle. 
some persons it is supposed that this distinction 
lies in the spinning- frame— woollen yarn being 
spun upon the “ mule,” and worsted yarn upon the 
“ throstle.” The chief characteristic of the latter 
frame is that the yarn is twisted and wound upon 
a bobbin as fast as it is delivered by the pair of 
rollers which draw it out, and as this pair of rollers 
revolves constantly w'hile the spinning frame is in 
xnotion, the principle of the throstle frame is known 
as “ continuous drafting.” The characteristic of 
the mule, on the other hand, is that the thread is 
drawn out by the rollers for about two yards before 
it is wound on to the bobbin, being kept stretched 
by means of the spindle and bobbin on which it is 
to be wound, travelling away from the rollers bn a 
o ” in some cases, the rollers cease deliver- 


ing when tbe carriage has gone about half its 
distance, and the yarn is then drafted by the carriage ^ 
proceeding to the end of its journey and drawing 
out the roving which has been thus delivered. In 
other cases the rollers deliver as long as the carriage- 
travels outwards ; but in either way more twist, if 
necessary, can be put into the yarn by the spindle 
continuing to revolve after the rollers have ceased 
to deliver, and finally the yarn is wound on to the 
bobbin as the carriage which bears it again ap- 
proaches the rollers. In consequence of this stop- 
page of the rollers, the drafting or drawing out of 
the yarn is not continuous. The former of these 
modes of mule spinning is most suitable for woollen 
yarn ; while the principle of continuous drafting, 
and the latter mode of mule spinning, are most 
suitable for worsted. Woollen yarn has, until 
recently, been spun only on a mule since that 
machine was invented, hut a spinning frame upon 
the throstle principle of continuous drafting has 
lately been made which is suitable for a sort of 
woollen yarn. Worsted certainly is spun upon the 
mule, tbe latter frame being chiefly in use on the 
Continent, and to a small extent now in this country, 
and it is found to be suitable for spinning combed 
as well as carded wool. 

55. Nor in Milling . — As this distinction is un- 
tenable, we turn to another which is generally 
believed to be correct, namely, that woollen fabrics 
are milled or felted, while those of worsted are not* 
This is a still more unsatisfactory definition, because 
it deals with the cloth, whereas it is obvious that 
whatever difference there may be must exist in the 
yarn, seeing that both sorts of yarn can be woven 
in the same way. The definition also is not ex- 
haustive, because some woollen cloths are only 
scoured and not milled, while some worsted ones 
(such as coatings) are slightly milled to give them 
greater firmness. There are also mixtures, of which 
the warp may be worsted and the weft woollen, 
and these may or may not be milled. As a rule, 
however, woollens are milled and worsteds are 
not, and it is indirectly in connection with this 
end that the solution of the problem is to be 
found. 

56. Difference lies in Arrwngement of Fibres . — 
The difference between worsted and woollen depends 
really on the arrangement of the fibres in the threadj, 
and this indirectly depends on the fact that the 
fibres arranged in one way are less suited for felting 
than if they were arranged in another. This is not 
the place to describe the operation of milling or 
felting, further than to say that its object is to* 
entangle and mat all the fibres of the cloth so 
thoroughly into one homogeneous whole, that each 
thread can no longer be distinguished, and the 




cloth forms a solid and compact; piece. Now, as 
^most woollen cloths are intended for felting, it is 
‘necessary to prepare and spin the yarn in such a 
way as to facilitate the operation; and in conse- 
quence of the shrinking which takes place in the 
cloth owing to it, any slight imperfections, such as 
unevenness, are not easily seen. 

57. In W ordedy Fibres lie Smooth md Pamllel,--' 
In worsted fabrics it is different. They are not as 


of lying smoothly and having a regular twist to 
bind them together, the fibres are crossed and 
doubled in every direction. The thread is conse- 
quently rough and many loose fibres are seen to 
stand out from it. These are of great use in assist- 
ing the felting of the cloth, as they lay hold of 
each other and knit the different threads into one 
piece. The beauty of worsted is to have as few of 
these loose fibres as possible, and at the same time 
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a rule intended to be felted, and therefore it is of 
the highest importance that the yams of the better 
sorts should be level, smooth, and free from lumps 
of any kind, while even in the lower ones, such as 
carpet yarns, it is very desirable to have an even 
thread. To ensure this, and to have a smooth 
surface on the cloth, all the fibres of wool must be 
in the same direction in the yarn. That is the 
essential characteristic of a worsted thread. If the 
fibres are doubled up, crossed, or tumbled about in 
any way, it is impossible to have a really even 
thread. To insure this levelness, it is necessary in 
the finer yarns to remove, by means of combing, all 
the very short fibres and the knots and lumps 
which are inseparable from them. In the coarser 
sorts, such as carpet yarns, where this high degree 
of excellence is not needed, and where it is neces- 
sary to have a soft bulky yarn, it is not desirable to 
remove the short fibres by combing; but yet the 
wool is put through certain processes to ensure 
that, as far as possible, the fibres shall all lie in one 
direction. 

58. In Woollen^FibreslieBoM^hly and Crossed — 
Compare this with a woollen thread. In it, instead 


to have a round level thread, because the thread is 
seen in the woven fabric. On the other hand, as 
the woollen cloth is generally intended to be milled, 
the fibres must be arranged in such a way as to 
assist that operation; and it is' found that when the 
fibres of wool lie in all possible directions in the 
thread, and when many of them stand out from the 
surface of it, their serrated edges are more exposed 
than when they lie smoothly stretched out in 
straight lines. In other words, by this rough 
arrangement of the fibres they get hold of each 
other better, and lap round each other more firmly 
in the felting ; because as wool shrinks in the 
process, a fibre which is wrapped round several 
others will get a firmer grip of them than if it is 
stretched out lying by their side with very little 
twist in it, 

59. Appearance of the two Yanis .' — ^The accom- 
panying wood-cut (Fig. 10) shows more plainly than 
any description could do the difference in the 
construction of the two classes of yarn. Nos. 1, 3, 
and 5 are worsted; the first, being made of short 
fine wool, cannot lie so smoothly as the other two, 
because when the fibre is short, the waving, curly 
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natare of the wool asserts itself, for there is not 
sufficient resistance in the short length to keep it 
straight. In Nos. 3 and 5, however, the wool is 
long, perhaps twelve inches or more, and therefore 
it lies straighter; for if the tendency to curl be 
strongest in the middle of any given fibre, it is 
clear that if it be twelve inches long the resistance 
of six inches at each end, which are stretched out 
and twisted round other fibres, has to be overcome 
before the curl can commence. It is simply a 
question of the strength of the tendency to curl 
contending against the friction which the .fibres 
exert on each other after they have been stretched 
out side by side. In long wool the friction is the 
stronger force and the fibres lie straight. In short 
wool the tendency to curl is stronger, and the 
reverse is the case. This is the chief reason why 
short rather than long wool is suitable for woollen 
yarn. This will further be seen from Nos. 2 and 
4, in which no attempt has been made to straighten 
the fibres, but every chance has been given to them 
to take advantage of their natural characteristics, 
and they are so arranged as to be able to felt with 
each other with the greatest facility. 


needs no description other than that given for 
flooring. The only necessary instruction, which can 
be had . of the metal w^orker, consists in making 
such arrangement as shall enable the plumber to 


Fig. 71. — Lead Roofing. 

lay his metal so that, though secure, it shall be free 
to expand or contract with changes of temperature. 
As the sheets of metal are usually turned up at the 
sides, a piece of wood is provided and fixed between 
each sheet, so that a piece of metal can cover both 
the wood and the edges of the metal on each side 
of the strip of wood (Figs. 71, 72). For exact 
dimensions and mode of fixing, the sizes of the- 
metal, and the position of the gutters and mode of 
covering, and the material must be known. 


Zinc Clip. 


Fig. 72. 


CAEPENTHY AND JOINERY.— YI. 

By B. a. Baxter, 

ROOFS. 

Hoofs, as far as concerns the carpenter, are frames 
of wood, or wood and iron, to carry the tiles or 
slates which form the outer covering. 

Properly arranged, the roof adds greatly to the 
stability of the building. If, however, the roof is 
badly designed and exerts an outward thrust on the 
walls, the covering that should protect the whole 
building from the weather may become an active 
agent in its destruction. 

The simplest form of roof is, no doubt, the flat— 


The next simplest roof is the “ lean-to.” This, as 
its name implies, leans against a wall, and i.s 
dependent on the strength of the wall for its 
security. Its most common use is for the smaller 
portions of a structure, although it may be used 
independently, as its alternative name of shed- 
roof indicates. Although good enough for small 
additions of moderate height, taking advantage of 
the lofty wall of the main building, it is not the 
best form of roof. When the inner side is to be 
ceiled with a level ceiling it is improved, because 
the ceiling joists can be nailed or bolted to the 
rafters (Fig. 73). It can be improved again by 
uprights fixed to one or more of the rafters and 
ceiling joists, thereby making a triangular frame 
fetill further it may receive a strut or 
if necessary, an iron tie (Fig, 75), which 
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is about as far as a lean-to roof 3aeeds to be de- 
veloped; This last improvement, it will be seen, 
'"converts the frame into a series of three triangles, 
and the rafter so supported is not likely to bend 
with the weight of the covering. 

The span-roof is developed on the same principles, 
and in its simplest form consists of rafters, wall- 
plates, ridge-purlins, and collar-beam or tie-beam. 
It is possible to substitute iron rods for these last 
(Figs. 76 to 81). It would aid the beginner to 
understand the principles of roof construction if 
he considers where a rope might be used instead of 
a beam. There are in buildings three strains that 
can be brought upon the timbers — compression, as 
in the case of storey-posts or posts bearing weight; 
tension, as in the case of tie-beams or king-posts ; 
cross strain, as in the case of joists, rafters, purlins, 
floor-boards, etc. 

In modern practice it is not often that timber is 
exposed to compression, though the resistance 
which wood gives to a direct load is enormous. 
Authorities state that breakage, when it does occur, 
is preceded by bending, so that the point of vital im- 
portance, in timbers sustaining heavy weights, is to 
guard against bending, then their safety is ensured. 
As to tension, it is calculated that oak or fir of 
1 inch square section will break with a load of 5^ tons 
and 5-r tons respectively, so that it is practically 
impossible to tear asunder a piece of even moderate 
size by a tensile force applied in the direction of 
the fibres ; hence the dimensions of tie-beams, king- 
posts, and any other timbers that are subjected to 
tension, depend upon the necessity of forming 
joints with other portions of the frames to which 
they belong. Such joints often depend upon lateral 
cohesion, which is not so considerable in many 
kinds of wood. It is for this reason that iron rods 
so often take the place of wood, because of the ease 
with which the rods, can be united with the timbers, 
either by plates, sockets, or bolts and nuts. Fre- 
quently cast-iron sockets into which the feet of 
rafters are fixed are united by a wrought-iron rod, 
in lieu of a tie-beam (Fig. 81). 

But cross strain is the most important, as well as 
most frequent, strain to which building timber is 
exposed. The strength of a beam is (1) as its 
width ; that is, increase in width increases strength 
in the same proportion ; (2) as the square of its 
depth, therefore doubling the depth makes resist- 
ance fourfold ; (3) the strength is inversely as the 
length, so that a beam wrell supported in the centre 
becomes thereby twice as strong. In order to make 
this formula practical, tests have been made of 
pieces of wood of known dimensions, of various 
kinds, thereby to determine a “ constant ” for each 
»wood. For this purpose the depth and breadth are 


to be expressed in inches, and the length in feet. 
On these conditions the number for deal or English 
oak is given as 400 lb. breaking strain, for beams 
supported at both ends and loaded in the middle. 
Example, a beam 0 inches x 3 inches x 12 feet long ; 
what is the breaking strain ? 


400 X 3 X 9 X 9 


12 


= 8,100 lb. 


Supposing, however, that the beam were laid so as 
to be 9 inches wide and 3 inches deep, then 


400 X 9 X 3 x3 


12 


= 2,700 lb. 


It is generally accepted that a beam will bear about 
twice the load if uniformly distributed. On the 
other hand, not more than a quarter of the breaking 
load ought to be put upon any timber, or injury 
will be done to it. A practical test of a finished 
building is to measure the deflection under a load, 
and if the bending is sensible, under average con- 
ditions, such part of a building must be strengthened. 
The angle which the sides of a roof make with a 
horizontal line varies according to the style of 
architecture and the intended covering. Tiles 
require a higher roof than slate, while the metal 
coverings may he flatter. It is, however, only 
important for the carpenter to know the weight of 
the covering and the angle, in order to provide 
timber strong enough for the purpose. 

The Gothic roof is ‘either based upon an equi- 
lateral trianglef or an angle approaching it, and as 
such roofs are often timbered, tie-beams would be 
a serious obstacle. The walls, however, of Gothic 
structures have buttresses outside, in order to resist 
the outward pressure of the roof timbers, besides 
which, by an added portion, contributing much to 
the ornamental appearance of these roofs, much of 
the weight is transferred to a lower level of the 
wall (Fig, 82). The sketch shows that the same 
principle applies to these roofs as to all others — the 
rigidity of the triangle. 

Hip-roofs are so called when the walls are not 
carried up to the ridge of the roof, but the roof 
itself is formed of inclined planes meeting each 
other at the “hips.” As the wall-plate, on which 
the rafters rest, should be horizontal, and the 
summit or highest line of the roof would offend the 
eye if it were inclined to the horizon, buildings 
having unequal angles on plan require a flat 
instead of a ridge, generally, however, of small 
area. 

The figure will show a simple mode of developing 
the areas of hip-roofs. The arcs are drawn merely 
to indicate the sources of the various lines. It 
would greatly assist the young carpenter to under- 
stand these rather difficult subjects if he would 
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Fig. 83 .— Hip-Boof. 

A A, Wall of building. 

JB, Height from ■wall to 
ridge. 

C, Seat of liip-raf ter, being 
biaectiott of the angle 

E, Length of connnon 
rafter joining from D to 
ridge line. 4 ^ 

FF represents length of 
h,ii>-rafter. 

6, Development of side of 
roof. ^ V - 

JL Development of end of 
roof, , 

I is the angle of the top 
» of hip-rafter. 
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study the subject of orthographic projection, and 
make a cardboard model, or better still, a wooden 
model of a liip-roo.f. 

In the figure the angle of the upper surface of 
hip-rafter is shown at i. The rest of the figure will 
be best understood by regarding a and H as folded 
over to meet each other, and representing the 
surfaces of the roof. From these the lengths and 




angles of each timber may be calculated, and if the 
scale adopted is inch to the foot, one-eighth will 
rejjresent 1 inch, and an ordinary rule will serve 
every useful purpose. 

The young carpenter ought to realise and 
remember that the circle drawn touching F, in 
order to obtain the angle i for backing hip-rafters, 
is so drawn to obtain a point on c at right angles 
to the hip when erected, for every tangent is at 
right angles to a radius drawn from the point of 
contact. 

The other geometrical fact of great importance 
in roofing is, that any three points near or distant may 
be regarded as a plane, that is, that any three points 
'may be joined by straight lines forming a 
triangle ; this is not the case with any four or more 
points. 

Another fact that may be helpful in roofing and 
other constructive work is that a semicircle con- 
tains a right angle. 


It is not too much to assert that the understand- 
ing of roof angles, oblique joints, and setting ou^ 
carved work, is in proportion to the understanding 
of right-angled triangles, so that no study of this 
subject by an intelligent workman can be in vain. 


PRACTICAL MECHAlsnCS:.~~-YI. 

By R. Gorpon Blaike, M,E. 

Assoc. U. Inst. C. E., M, ; Senior Demonstrator and Leetnrer an 
Mechanical Engineering and Ap^Med Mechanics at the, Citg 
and Guilds of London Technical College , Finshnnj. 

[Continued from p. $17.] 

HYBRAULIO. MACHINES. / 

HYDRAULIC CRANE. 

The hydraulic crane is much used about docks 
and in warehouses. A small machine of this kind, 
such as that used at large railway stations, is shown 
in Fig. 40. It will be seen that the ram is in the 
centre of the crane-post, and, as it is forced out by 
the pressure-water from the hydraulic mains, it 
pulls in the chain from which the load to be raised is 
suspended. There is one fixed and two movable 
pulleys hence, as explained in the last lesson, the 
mechanical advantage is 4 to 1. The ram employed 
for “ slewing ” is seen in the base of the machine. 
Larger cranes, such as those used at docks, have 
usually a higher velocity ratio than 4 to 1. 

HYDRAULIC MACHINE TOOLS. 

Hydraulic power is now largely employed in con- 
nection with machine tools. I shall refer only to 
one or two of these. 

In Fig. 41 is seen a reduced view of an immense 
riveting machine, designed by Mr. B. H. Tweddell, 
M.I.C.E., of Westminster, who has done so much to 
introduce and perfect hydraulic machine tools. The 
ram of this machine has a die attached to it, and 
when the ram is forced out the die forms the rivet 
which is under it, at the same time exerting a great 
pressure on the plates to be riveted. This machine 
can exert the immense pressure of 200 tons. A 
small portable riveter is shown in Fig. 42 at wmrk 
on the keel of a ship which is in course of construc- 
tion, whilst Fig. 43 shows 'an hydraulic punching 
and shearing machine, by wTiich holes are punched 
in plates to receive rivets, or the plates are shorn 
much in the same way as one cuts cloth with scissors. 

The principle in all these machines is the same, 
and is given in our description and elementary 
figure (Fig. 34). 

The whole area of the cross-section of the ram of 
one of these machines in square inches, multiplied 
by the pressure of the water in lb. per square inch, 
gives the total force exerted by the ram ; and if this 
is applied to the comparatively small area of a steel 
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WATEB-PRESSUBE ENGINES. 

The action of one of these engines will be under- 
stood from an examination of Fig. 44, which shows 


punch, the punch may be forced through plates of 
.wroiighf-iron or steel sometimes one inch or more in 
thickness. A somewhat similar thing occurs when 
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stroke, whether the machine is working fully loaded 
or only with a very small load. Now, as every 
gallon or cubic foot of this water costs a certain 
amount, it evidently costs as 


the machine. If the speed of the engine is not too 
great, it works very well. 

One defect in all hydraulic machines is that they 


USEFUIi EULES., . 

In , closing ' this lesson., , I, 
wish to refer to a great 
fundamental law which en- 
ables us to make calculations about water flowing- 
under pressure. It is as follows The total energy 


require the same amount of pressure-water (i,e.y the 
same number of foot-pounds^ of energy) for one 
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g-t;0,--_to h^ve la^g pipes, and also to have liigh 
pressures. In electric transmission of power a some- 
what similar question occurs. 


of lib. of water moving along lines of flow 
given by the expression— 


ELECTEICAL EN GINEEBIN G. —VI. 

Bv Edward A. O’Keeb'fe, B.E., 

Senior Dmionstmtor in Electrical Engineering, City and Guilds 
of London Technical College, Finsbury. 

[Continued fronn f, 821.] 

THE DYNAMO {continued). 

THE MAGNETIC CIRCUIT {contimml). 

The following tables of observations made by 
Hopkinson are instructive, as they refer to the two 
kinds of iron used in the const ruction of the Echsou- 


oonstant if we neglect friction. In this 
% is the height of the water above an 


and this is 
.expression 




their sum is constant. In hydraulic mams in a cny 
like London the first term is negligible, as differences 
of level are unimportant ; the velocity of the water 
also is, or ought to be, small: hence the energy ot 
the 1 lb, of water is mainly found from the last term 
of the expression. 

From this you can easily calculate how much 
energy (or, if you know the rate of flow, how much 
power)* a man receives when he receives a given 
number of gallons of water at a stated pressure. 
Also, from this rule and certain experimental data 
.given by D’Arcy and others, we can obtain a,n 
expression for the approximate waste of power m 
passing along hydraulic mains of given diameter. 
33uch a rule as the following is very useful . 


Hopkinson on Grey Cast-Iron, 


The third column, which is the permeaouuj., ic. 
obtained by dividing the second by the first_colui^, 
and represents the mnltiplying action which the 
iron has on the number of lines of force that would 
otherwise pass through the space. Looking at these 
figures it will be seen that, as the magnetising force 
increases, the amount of magnetism produced m 
the. iron also increases; but not by any means pro- 
portionately ; in other words, the permeability 
decreases as the magnetising force increases. 

By plotting these figures on squared paper, as 
shown in Figs. 31 and 32, we can more clearly see 
what : happens to the iron when subjected to 
gradually increasing magnetising forces. In the 
nf t.ViB wmnE-ht-iron, we see tliat for small 


W is the horse-power wasted in h feet of 
t pipe, d feet in diameter, the pressure per 
inch being lb., and b the horse-power sent 
le pipe. It is evident from this '.that it is 
iportant— so far as consistent with extra cost, 

term “ power,” as here used, will be fully cxi>laincd 

ext lesson. ^ „ ' . ■ > 

article on ‘^Hydraulic and Electric Transmission of 
bv the writer, published in Engineering ox May 
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magnetising forces, up to about h=: 20, the mag* In Eig. 32 we see the manner in which the 
netic induction, or the niimber of . lines sent through permeability fx changes for diti’erent rates of in- 
the iron, rises rapidly, and that when a B = 15,000 duction through the iron. Within the limits here 
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10000 


Fig. 31.— Curves connecting H and B for Wrought- and Cast-Iron. 


lines per square centimetre is reached, it turns over 
and rises from this point onwards very slowly and 
almost along a straight line. This curve is called 
the magnetisation curve; for that particular quality 
of iron and the place where it turns over is known 
as the elbow of the curve. In the case of the grey 
cast-iron the character of the curve is different in 
many points ; it still rises rapidly at the beginning, 
but reaches the elbow with a B of about 5,000 lines 
per square centimetre ; the elbow is much longer 
than in the case of wrought-iron, extending from 
an H = 5 to an h =: 100, after which point it slowly 
rises, as was the case with the wrought-iron. The 
highest degree of magnetisation that we can obtain 
in the case of the cast-iron with an H = 300 is 11,000 
lines per square centimetre ; whereas the same rate 
of induction can be obtained in wrought-iron with 
an H rr 8. 


shown the permeability falls with increasing rates 
of induction. In the beginning this fall is not rapid, 
in intermediate stages it falls rapidly and almost 
along a straight line, and for still higher rates it 
falls to an extremely small value, and then turns 
almost horizontal. It will further be noticed that, 
for moderate rates of induction, how very much 
superior wrought- is to cast-iron. 

The exciting force in any electro-magnet is 
derived from current circulating in the coils, and is 
proportional to the strength of that current and tf> 
the number- of turns of wire on the coil. This force 
— which might be called the magnetomotive force, 
or the force tending to drive magnetism through 
the core— is usually measured in ami)CTe~t%iTns ; an 
ampere-turn meaning a current of 1 ampere circu- 
lating once round the core, or Jjjth of an ampere 
circulating 10 times round the core, or T^ntli of an 
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ampere circulating 100 times round the core, etc. 
it can be expressed numerically thus 


Magnetomotive force : 


47rS_C 

'“To ’ 

vrhore c = current in amperes, 

s = number of turns of wire, 
7r=:3*1410, 


Magnetic flus 


magnetomotive force 


reluctance 

Given the current and the number of turns of 
wire we know the value of the magnetomotive 
force from the last expression, but the reluctance is 
usually of a more complicated description, depend- 
ing as it does on the nature and dimensions of the 
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and the 10 in the denominator is used to reduce the 
absolute current to amperes. 

The product of s and G is the number of ampere- 
turns. 

The number of lines driven through any sub- 
stance by this force can be determined by a law 
similar to that of Olim’s for the electric circuit ; 
thus — 

Ohm’s law says that 

^ electromotive force 

' v. Current — , . 

resistance 

If instead of current we substitute magnetic flux, 
or number of lines passing through the circuit ; for 
electromotive force, we substitute magnetomotive 
force ; and for resistance the word reluctance, we 
j may then write the LAW fob the magnetic cie- 
CUIT thus 


substances through which the lines are obliged to 
pass. Here, again, the law is similar to that which 
governs a resistance ; thus — 

length 


The resistance of a conductors' — f, x specific 

section 

resistance, 

and in the case of the magnetic circuit consisting 
of a single piece of iron, 
length 


Keluotance = 


section 


X specific reluctance. 


The specific reluctance is, however, an expres- 
sion which is never used, hut the same meaning is 
attached to the reciprocal of fx. The value for the 
reluctance thus becomes 


Beluctance : 


/aA» 
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where I rrthe length in centimetres of the circuit 
through which the lines are forced, 

A — the sectional area of the circuit in 
square centimetres, 

^ — the permeability of the particular quality 
of iron for the given rate of induction. 



(At the time of writing we have no unit in which 
to express the reluctance of any substance; its 
meaning may be best grasped by considering that 
it plays the same part in questions concerning the 
magnetic circuit that resistance does in the ordin- 
ary electric circuit.) 

In the case of the magnetic circuit of the dynamo, 
the magnetic reluctance is composed of three dis- 
tinct parts, namely: — (a^ The iron of the field- 
magnets ; (Jb) the air-gap separating the pole-pieces 
from the core of the armature (this also includes 
the winding on the armature, which has practically 
the same magnetic reluctance as air) ; and (c) the 
reluctance of the armature core. If we know the 
length and cross section of each of these parts and 
the number of ampere-turns that are wound on the 
magnets, we can find the number of lines available 
at the armature ; thus, 


4 TT s c 


10 f 


+ 


1 . 


where N = total number of lines, 

„ =: length of magnetic^circuit of field- 

magnets, 

„ Aj = cross section of field-magnets, 

„ zn permeability of field-magnets, 

/g == length of air-gap (this clearly is 
doubled, since there must always 
be two air-gaps), 

„ Ag = cross section of air-gaps, 

„ ?3 = length of magnetic circuit of arma- 

ture core, 

„ A 3 = cross section of armature core, 

,, /A 3 = permeability of armature core. 

4 T ■ 

Of this expression the part is a constant equal 


to 1-257 


1-257 s c 


^1.. , ok . -Ju 

Ml Ai ^ "Ao ^3 A3 


In connection with dynamo design it more usually 
happens that we know the number of lines of force 
required to be sent round the circuit, and we then 
wish to calculate the number of ampere-turns which 
must be wound on the field-magnets in order to 
■drive this number through the circuit. In this 
case — 


sc 


N 

1-257 


< jitl Aj ‘ A2 ' iU3 A3 



Of these three reluctances, that of the air-gap is 
considerably the greatest, and any diminution 
which this undergoes greatly improves the dynamo. 
For this reason the pole-pieces should embrace a 
large portion of the armature, and should be 
brought as near to it as mechanical considerations 
will allow. The necessity for iron as the core of 
the armature is now apparent ; it serves as a path 
through which the lines of force can freely pass in 
going from one pole of the field-magnet to the 
other. 

The ideal form of magnetic circuit is clearly a 
closed ring, but it is equally clear that this circuit 
cannot be employed in any dynamo. The aim of 
modern dynamo design is to make the magnetic 
circuit as nearly closed as is possible, having duo 
regard to the clearance that must exist between the 
moving and fixed parts. There are necessarily two 
air-gaps in the magnetic circuit of every dynamo, 
tlie whole distance between the poles of the field- 
magnets and the core of the armature being 
reckoned as air-gap. The length of this air-gap^ 
should be made as short as possible, whilst its cross 
section should be made as large as possible. The 
field-magnets should be made as short and thick as 
they conveniently can, and should be composed of 
some substance having a high magnetic perme- 
ability, such as well-annealed soft wrought-iron. 
The circuit of the field-magnets should be as nearly 
as possible continuous, as any junctions in the 
iron interpose high magnetic reluctances to the 
passage of lines of force. 

The goodness or badness of a dynamo clearly 
depends — other things being equal — upon the ar- 
rangement of the magnetic circuit and the quality 
of iron used. The magnetic properties of different 
samples of iron vary enormously, as may be seen 
from the curves in Figs. 31 and 32, and an intimate 
knowledge of the quality with which we are deal- 
ing is essential in order to design a dynamo. This 
knowledge must be obtained from, experiments 
made on the samples, and such experiments may be 
carried out in the following manner : — 

Bln// Method . — A piece of the iron to be ex- 
amined is made into the form of a ring of known 
diameter and known sectional area. This ring is 
overwound with a spiral of insulated copper wire 
sufficiently thick to carry the current without ovor- 
hea,ting. We must also be provided with the follow- 
ing pieces of apparatus : — 

{a) A coil of wire-known as an earth -eoU — 
wound in the shape of a ring, the average diameter 
of which is known, and also the number of turns. 

(Z>) A battery capable of supplying the required 
currents, — where it is available an accumulator is 
most convenient for this purpose. ^ 
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each square centimetre. Its value 
in London is about -41. 

The second observation consists in switching on 

the current, and when the galvanometer has come 
to rest, reversing its direction throngh the spiral on 
the rm<' by means of the reversing switch, at the 
same time noting the throw on the galvanometer 
corresponding to the reversal, and the curient 

through A. . , , 

The throw now obtained is proportional to the 
number of lines of force passing through the iron 
ring, and to the number of turns of wire of the 
or p-alvanometer circuit which encircle 


(f?) A variable resistance. 

(^) An amperemeter. 

(e)' . A reversing switch.' ■ 

(/) A ballistic galvanometer. 

(g) Copper wires for making the connections. 

These are connected up as shown in Fig. 33, 
hich consists, as may be seen, of two complete 
■rcuits. One of these circuits contains the battery 


D X N A B ^ 

lere d = the throw on galvanometer, 

K- = the number of turns of wire of the 
” * secondary circuit which encircle the 

A = the sectional area of the iron in square 
centimetres, 

B — the number of lines of force passing 
through each square centimetre sec- 
tion of the iron. 

Now dividing (&) by (fO we get 


B, the variable resistance B, the amperemetei a, 
the spiral of wire on the iron ring i, and the revers- 
ing switch S. The other circuit contains the earth- 
coil O, the ballistic galvanometer G, and a few 
turns of wire wound round the iron ring. 

The experiments are carried out thus First, lay 
the eartlncoil in a horizontal position and, when 
the galvanometer has come to rest, turn it right 
that its other face is now horizontal. By 
all the lines of force due to the 
taken out of one side of the coil 

y * " i ; in other words, each 

the coil cuts the lines of force due 


over so 
this operation 
earth’s field are 
and put into the other side 

turn of wire on th 

to the earth’s field twice during the movement. 
The cutting of these lines generates a quantity of 
electricity which flows through the galvanometer 
and produces a momentary deflection or “ throw 
on it. The amount of this throw is proportional to 
the number of turns of wire on the coil, to the area 
enclosed by each turn, and to the intensity of the 
earth’s field at the place where the operation takes 
place. Expressed in symbols this may be stated 
thus-— 

dxnx2'irr"‘xr <“)' 

where d = the amount of the throw, 

^ the number of turns on the earth-coil, 
r = the radius of the earth- coil (in centi- 
metres), 

V ~ the intensity of the earth’s field. This 
quantity is the vertical component 
of the earth’s terrestrial magnetism, 
and varies slightly according to the 
locality in which the experiment is 
made. It is the number of lines of 
^ force that passes vertically through 


Z = the length of the iron circuit, which is 
the mean circumference of the ring. 

We thus obtain the values of B and H, which give 
us one point on the magnetisation curve of the iron 
under test corresponding to a given number o 
ampere-turns of excitation. This point should be 
plotted as shown on the curves in Fig. 31. ine 
value of ju, corresponding to this value oi B, is 
Obtained by dividing the b by the H, thus 
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Tins gives us the values for B and from which 
one point of a curve similar to those in Fig. 32 can 
be plotted. In order to plot the complete curve it 
is necessary to obtain a large 
number of points, which means 
that a large number of observations 
with different strengths of current 
must be made. In carrying out 
these observations it is advisable to 
conimenee with the smallest cur- 
rent it is intended to use and to 
gradually increase it by varyiiigthe 
3 ’esistance E up to its highest value, 
taking a series of throws (d’s) from 
which the values of B can be calcu- 
lated. It is sufficient to take 
one throw with the earths 
coil, as its value does not 
change. Care must be taken 
that there is no iron or any 
other magnetic substance 
in the vicinity of the earbli- 
coil when its throw is being 
obtained, as the value of v 
might thereby be changed. 

Tins manner of testing the magnetic j)roperties of 
a; sample of iron is one of the best, but it is essenti- 
ally a laboratory method. 
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SAWS ANB MILLING IIACHINBS (contimml). 

MILLING MACFITNT:S. 

^Milling machines are anah)gous to the wmod- 
planing machines, but differ from them in usually 
having the cutting tools, not inserted, but solid 
with the cutter-block. The cutter-block, or milling 
wheel, is simply a disc from 1 up to IG inches 
ill diameter, on the periphery of which are cut 
sharp teeth. Solid milling cutters have been made 
as large as 22 inches in diameter and 5-J inches 
wide, this size being, however, very exceptional. 
If a plane surface has to be cut, the toothed 
smface of the milling wheel is cylindrical. If 
notches are to be cut to special forms, such as, 
for instance, the interspaces between the teeth of 
wheels, the contour of the axial section of the 
milling wheel is shaped accordingly, so as to fit 
■exactly into the recesses to be cut out. 

This sharp-toothed milling wheel is rapidly 
revolved and moved gradually from point to point 


over the whole surface that is to be operated upon. 
In order to bring the cutter successively over all 
the different portions of the work, two ‘"feed” 



motions are necessary. Any shape of surface may 
be produced by a suitable combination of these 
■feeds, and they may be combined in varying x>ro- 
portions by means of a “copying bar,” or “ former,” 
the form of which corresponds to that desired in 
the finished work, and along wdiich one bearing of 
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the cutier-spindle is made to slide. The machine 
is then often called a “ profiling ” maGhiiie. 

’ Fig. 18 shows a milling machine for plane work. 
The spindle, upon which the cutter is fixed, has 
keyed on it a three-stepped cone. This is driven 
by a belt direct from the counter-shaft overhead, 
lire spindle revolves in two conical main bearings 
Uee detail drawing cof spindle). Beyond these is a 
steady ” bearing, supported by the cantilever 
bracket extending from the top of the frame, mid 
longitudinally adjustable. The part of the spindle 
lietwcen the outer main bearing and the “steady” 
is detachable and interchangeable for different srzes 
of milling cutter. Its coned end fits in a conical 
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socket bored in the end of the main spindle. The 
early milling machines were made wfitliout the 
‘•steady," but its provision very greatly raises the 
standard of accuracy and high finish that can be 
given to the work, and it is, therefore, an almost 
hivariable feature in the design of modern English- 
made machines. The axial thrust is supported at 
the fiat adjustable bearing h, specially provided loi 
the purpose at the back end of the spindle. The 
principal bearings are made conical to allow of the 

spindle being drawnbackby the adjustable screwed 

collars after the brasses have worn. These bearings 
are placed in a headstock which is cast on the 
frame of the machine. The axis of the spindle, 
therefore, always occupies the same position. 

The work is fastened firmly to the cast-iron 
■ table T. A very convenient appendage to such a 
table for small work is a machine vice, T ig. 19. 
This vice is bolted to the table, and the work fixed 
in it. This kind of table and machine vice is also 
used in exactly the same form in shaping machines 
to be hereafter described, and very similar ones are 
used ill slotting and in drilling machines. 

The table slides up and down on dove-tailed 


guide-surfaces on the vertical face of the plate p. 

It is raised and lowered by means of a nut and 
screwed spindle, s. This vertical motion is not one 
of the two feed-motions previously referred to. it 
is more properly a » setting ” motion, whereby the 
work is brought (by hand) to the required height. 

If however, the surface has to be gone over more 
than once, the table has to be raised between the 
cuts, and the amount by which jt is so raised would 
be quite properly called “ feed.” ^ 

The upper part of the table T is fed horizontally 
parallel to the spindle upon V guides fashioned in 
the second part of the table. This first feed is 
operated by “ hand” by turning the handle Hwhich 
fits on the squared end of a horizontal screwed 
spindle having collar bearings in the second plate 
and passing through a nut fixed on the lower surface 
of the upper plate. The second, or “main feed, 
or “traverse,” is horizontal and transverse to the 
cutter spindle, and is obtained by a similar screw 
and nut connection between the second and third 
parts of the compound table. This second feed has 
to be operated continuously, and is, therefore, made 
automatic or “ self-acting.” A worm-wheel, mounted 
on the end of the feed-spindle, is driven by a worm 
keyed on the shaft F, which in its tiirnis driven 
by a belt on the cone-pnlley at its hinder end. By 
running this belt on a smaller or larger cone step, 
a more or less rapid feed can bo given to the work. 

Much of the work done on milling machines is 
cylindrical, prismatic, in general outline. First 
one small strip of the surface parallel to the axis 
of the cylinder or prism is milled, and then in 
succession, other exactly similar strips, at equal 
distances from the axis, are operated on. feucli 
work is conyeniently fixed on a mandrel or other- 
wise, and placed between centres accurately per- 
pendicular to the cutter-spindle, such as arc shown 

at D Fig. 18. The traversing feed being put in 
motion, the cutter will plane off a surface parallel 
to the line of feed, and, therefore, if the centres 
have been carefully set, accurately parallel to the 
line of centres. Between each successive cut, the 
mandrel is revolved on the centres through any 

desired small or large angle. During each cut it 
must be firmly prevented from revolving, Ihib 
may be simply managed by fastening a small 
toothed wheel on the mandrel, and arranging a 
spring-catch to wedge in between any pair ot teeth 
corresponding to the desired position of the work 
on the mandrel. For instance, if the work to be 
done is cutting out the teeth of change, or other 
wheels, a wheel is fixed on the mandrel with either 
the same, double, treble, or any multiple of the 
number of teeth in the wheel to he cut. A more 
accurate method of obtaining the same division is 
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by fixing on the mandrel a “ dividing plate.” This 
is simply a fiat plate with a number of small holes 
drilled in it, corresponding accurately to given 
aliquot parts of the circle, and into • which holes 
fits a little peg-stop passing through a hole in the 
centre-bracket. If the desired division of the 
circle is very simple— for instance, if it is desired 
to divide it only into, say, 2, 3, 4, 6, 8, 12 parts— 
the holes are often placed in the cylindrical peri- 
phery of the dividing plate; but if the division 
desired is to be complicated, so that the necessary 
holes are very numerous, the holes are placed in 
its flat face, and for important work such a dividing 
plate should be made of hard gun-metal or of 
phosphor bronze, in order to minimise the wear of 
the holes by the frequent insertion of the stop. By 
arranging the holes on four or five concentric circles, 
sufficient room for them is obtained without making 


cutter-spindle. The spindle is mounted upon a 
vertically sliding carriage, but in this case the 
weight of this carriage is balanced by a balance 
weight, w, placed on the hinder end of a hori- 




Fig. 21. 

zontal lever, the front end of which is linked to the 
carriage. By means of the handled lever L, the whole 
can be raised or lowered with great ease. At the side 
of the machine may be seen the small rotary pump 
which raises the lubricating soap-and- water to the 
level of the cutter, whence it flows over the cut 
surface down into a collecting tank in the frame, 
to be once more pumped up and used over again. 

Fig. 21 illustrates a powerful style of milling 
machine. The general arrangement of frame, table 
and feed motions, is similar to that of a planing 
machine such as will be described later on. The 
driving of the vertical cutter-spindle is by spur and 
bevel gearing mounted on the large cross-beam 
saddle. One feed is obtained by moving the table 
by a longitudinal feed screw lying underneath it, 
the other by moving the spindle-carriage across the 
large cross-beam. Both feeds are self-acting, and 
their range of motion is so great that the machine 
can cut large surfaces or parts of surfaces standing 
far apart, without shifting the clamping or set- 
ting” of the work upon the table. These three 
machines are made by Archdale and Co. 


Mg. 20. 

their diameter very small, and without making 
the dividing plate inconveniently large. A cylin'dric 
divider is shown at d> at the left hand of D, Fig. 18. 
Fig. 20 shows a “profiling” machine with vertical 
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Scarabseus. The Story of an African Beetle By The Marquise Clara 
Lanz-\ and James Clarence Harvey, ss. .* 

Science for All. _ Edited by Dr. Robert Brown, M. A., F.L.S., &c. Revised 
Edition. With 1,500 Illustrations. Five Vols, gs. each. 

Science, Year Book of, The. Edited by Rev. Prof. Bonney. Second Year of 

Issue, 7s. 6d. 

Sea, The : Its Stirring Story of Adventure, Peril, and Heroism. Bv 
F. Whymper. With 400 Illustrations. Four Vols. 7*5. 6d. each. ^ 

Shadow of a Seng, The. A Novel. By Cecil Harley. 5s. 

Shaftesbury, The Seventh Earl of, K,G., The Life and Work of. 

Hodder. Illustrated. CAeap Edition, 5s. 6d. 

Shakespeare, CasseH’s Quarto Edition. Edited by Charles and Mary Co when 
Clarke, and containing about 600 Illustrations by H, C Selous. Complete in 
Ihree Vols., cloth gilt, £2 3^7“Also published in Three separate Volumes, in cloth, 
VIZ. The Comedies, 21s. ; The Historical Plays, i8s. 6d. ; The Tragedies, Si 
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SelectioHS fi'OM Cussell <f? CofiipcLny' s Publications^ 


Selections Jrom Cassell S Company's Publicalions. 


Treatment, Tlie Year-Book of, for 1893 , A Critical Review for Practitioners of 
Medicine and Surgery. Ninth Year of Issue. Greatly Enlarged, coo pages. 7s. 6d. 
Tree Painting in Water Colonrs. By W. H. J. Boot. “With Eighteen 
Coloured Plates, and valuable instructions by the Artist. 5s. 

Trees, Familiar. % Prof. G. S. Boulger, F,L.S., F.G.S. Two Series. With 
Forty fuil'page Coloured Plates by W. H. J. Boot. I2S. 6d. each. 

♦*TJnicode*': Tke UnlYersal Telegraphic Phrase Boole Pocket or Desk 

Edition, as. 6d. each. 

United States, Cassell’s History of the. By Edmund Ollier. With 600 Illus- 

trations. Three Vols. 9s. each. 

Universal History, Cassell’s Illustrated. With nearly One Thousand 
Illustrations. Vol. I. Early and Greek History.— Vol. II. The Roman Period.- - 
Vol. III. The Middle Ages. — Vol. IV.; Mpderft History, gs. each. 

Vaccination Vindicated. By John C. McVail, M.D,, D.P.H. Camb. 5s. 
Verses Grave and Gay. By Ellen Thorneycroft Fowler. 3s. 6d. 

Vicar of Wakefield and other Works, by Oliver Goldsmith. Illustrated. 

3s. 6d. ; cloth, gilt edges, 5s. 

Vision of Saints, A. By Lewis Morris, Edition deluxe. With 20 Full-page 
Illustrations. Crown 4to, extra cloth, gilt edges. 21s. 

Water-Colour Painting, A Course of. With Twenty-four Coloured Plates by 

R. P. Leitch, and full Instructions to the Pupil, ss. 

ViTaterloo Letters. Edited by iMajor-General H. T. Siborne, Late Colonel 
R.E. With Numerous Maps and Plans of the Battlefield. 21s. 

Wedlock, Lawful: or, How Shall I Make Sure of ja Legal Marriage. By 

Two Barristers, is. : 

Wild Birds, PamUiar. By W. Swaysland. Four Series. With 40 Coloured 
Plates in each. 12s. 6d. each. 

Wild Flowers, Familiar. By F. E. Hulme, F.L.S., F.S.A. Five Series. With 
40 Coloured Plates in each. 12s. 6d. each. 

Wood, The Life of the Rev. J. G. By his Son, the Rev. Theodore Wood, 

With Portrait. Extra crown 8 vo, cloth. Cheap Ediiion. Ss. 

Work. The Illustrated Journal for Mechanics. Yearly Volume, cloth, 7s. 6d. 
Vol. IV. for i8q2-3. 6s. 6d. 

World of Wit and Humour, The. With 400 Illustrations. Cloth, 7s. 6d. 

World of Wonders, The. With 400 Illustrations. Two Vols. 7s. 6d. each. 
Wrecker, The. By R. L. Stevenson and Lloyd Osbourne. Illustrated. 6s. 
Yule Tide. Cassell’s Christmas Annual, is. 

Zero the Slaver. A Romance of Equatorial Africa.”* By “Lawrence 

Fletcher. 4s. 

ILLUSTRATED MAGAZINES. — — — 

QwlveT^ for Sttn,day and Qemral Monthly, 6d. 

CusselPs Family Magazine^ Monthly, 7d. 

Little Folhs’^ Magazine* Monthly, 6d. 

The Magazine of Artf yLonihly^ IS. 

(JhUTVlS# The Illustrated Paper for Boys. Weekly, id.; Monthly, 6d. 
CasselPs Saturday Journal. Weekly, id. ; Monthly, 6d. 
Work* The Illustrated Journal for Mechanics, Weekly, id.; 

Monthly, 6d* 

Cottage Gardening* Illustrated. Weekly, Jd. ; Monthly, 3d. 

♦ * Full Aarh'culars of CASSELL & COMPANY’S Monthly Serial Publications 
* irnbefomidm Cassell & Companv’s COMPLETE CATALOGUE. 


Catalogues of Cassell & Company’s Publications, which may be had at all 

Booksellers’, or will be sent post free on application to the Publishers 
Cassell’s Complete Catalogue, containing particulars of upwards of One 

Thousand Volumes. . v- r. ..i. • xir , j j- 

Cassell’s Classified Catalogue, m which their Works are arranged according 

to price, from Threepence to Fi/ty Gidneas. _ . , , ^ 

Cassell's Educational Catalogue, containing particulars of Cassell &. 
Company's Educational Works and Students’ Manuals. 

CASSELL & COMPANY, himTEit, Ludgaie Nillf London. 



Selections from Cassell S Company's Publications, 


%ihh& ait& Haltgtotta W0rfes. 

Bible, Cassell's Illustrated Family. With 900 Illustrations. Leather, gilt 

edges, ;^2 los. ; full morocco, los. 

Bible Educator, The. Edited by E. H. Plumptre, D.D. With Illustrations, 

Maps, &c. Four Vols., cloth, 6s. each. 

Bible Studeut in the British Museum, The. By the Rev, J. G. Kitchin, 
M.A. Entirely New and Revised Mdition^ 1%, 

Blblewomen and Nurses. Yearly Volume, 3s. 

Bunyan’s Pilgrim’s Progress (Cassell’s Illustrated). 4to. Cheap EdiNon, 6d. 

Bunyan’s Pilgrim’s Progress. With Illustrations. Cheap Ediimi, 2s. 6d. 

Child’s Bible, I^e. With 200 Illustrations. Demy 4to, 830 pp. 150^// Thousand, 
Cheap Edition^ 7s. 6d. Superior Edition^ with 6 Coloured Plates, gilt edges, los. 6d. 

Child’s Life of Christ, The. Complete in One Handsome Volume, \^ith about 
®poOri^nal Illustrations. Cheap Edition^ cloth, 7s. 6d. J or with 6 Coloured Plates, 
cloth, gilt edges, los. 6d. Demy 4to, gilt edges, 21s. 

Come, ye Children.” By the Rev. Benjamin Waugh. Illustrated. 5s. 

Commentary, The New Testament, for English Readers. Edited by the 
Rt. Rev, C. J, ELLIC9TT, D.D., Lord Bishop of Gloucester and Bristol. In Three 
Volumes. 21s. each. 

Vol. I.— The Pour Gospels. 

Galatians. 

Vol. IIL— The remaining Books of the New Testament. 

Commentary, The Old Testament, for English Readers. Edited by the Rt 
Rev. C. J. Ellicott, D.D., Lord Bishop of Gloucester and Bristol. Complete in 
5 Vols. 2IS. each. 

Vol, I.— Genesis to Numbers. J Vol. III.—Kinffa T fn Vsi-TiAf 

Vol. II.~Deuteronomy to Samuel II. j Vol. IV.-Job^to Isaiah. ^ ® ' 

Vol. V,— Jeremiah to Mslaehi. 

Commentary, The New Testament. Edited by Bishop Ellicott. Handy 

Volume Edition. Suitable for School and general use. 

TT Mtus, ?hiIemon. Hebrews. 

If Tsfva Co^thians T. II. 3s. and James. 3s. 

If C 3 -alataans, Ephesians, and Peter, Jude, and John. 

8t. John, 3s. 6d. Philipuians. ^is. The ^ 

Apostles. Colossi^s, Thessalonians, An Introduction to’the New 
- and Timothy. 3s. Testament. ss.6d. 

Commentary, The Old Testament. Edited by Bishop Ellicott. Handy Volume 

Edition. Suitable for School and general use. 

, I Sfid. I Deuteronomy. «.ed. 

DIcHra^ of Eellgion, The. An Encyclopaedia of Christian and other 
Religious Doctrmes,_ Denomination, Sects, Here.sies, Ecclesiastical Terms, History 
Biography, &c. &c. By the Rev. William Benham, B.D. Cheap Edition, ion, 6d. ^ 

Dore BiWe. With 230 lUustmtions by Gustave DoEfi. Origin J Bd.uh« 

Two Vols., b^t inorocco, gilt edges, £15. Popular Edition. With Full-page Ulus'- 
trations. In One Vol. iss. Also in leather binding. {PHce on appiicaiinf 

Early Days of Christianity, The. By the Ven. Archdeacon Farrar, D. D. F. R,S 

Library Edition. Two Vols., 24s. ; morocco, ;^2 as ** 

Popular Edition. Complete in One Volume, cloth, 6s.; cloth, gilt 
7S. 6d. ; Persian morocco, 10s. 6d. ; tree-calf, 15s. ^ 

Fami^ Prayer-Booh, The. Edited by the Rev. Canon Garbett, M.A., and 
fine Rev. S. Martin. Extra crown 4to, cloth, 5s.; morocco, i8s. 

Oleamngs after H^^est. Studies and Sketches. By the Rev, John R. Vernon, 

Ctospel of Grace, The. By a Lindesie. Cloth, 2s. 6d. 

‘‘Graven in the RocR;’’ or, the Historical Accuracy of the Bible confirmed by 
Inference to the Asswian and Egyp^ Sculptures in the British Mu.seum and elS 
where. By the Rev. Dr. Samuel Kinns. F.R.A.S.. 


Selections from Cassell ds Companfs Puhlications, 
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“Heart Cliords.” A Series of Works by Eminent Divines, Bound in cloth, red 

edges, IS. each. 

My Patlier. By the Right Rev. Ashton Oxenden, 
ot Montreal. 


late Bishop 

My Bible, By the Rt. Rev. W. Boyd Carpenter, 
Bishop of Ripon. 

My Wos’lc for God. By the Right Rev. Bishop 
Cotterill. 

My Object in Life. By the Ven. Archdeacon 
Farrar, D. D. 

My Aspirations. By the Rev. G. Matheson, D. D. 
My Emotional Life. By Preb. Chadwick, D.D. 
My Body. By the Rev. Prof. W. G. Blaikie, D.D. 


My Soul. By the Rev. P. B. Power, M.A. 

My Growth in Divine Life, By the .Rev. 

Prebendary Reynolds, M.A. 

My Hereafter. By the Very Rev. Dean Bicker- 
steth. 

My Walls; with God. By the Verj^ Rev. Dean 
Montgomery, 

My Aids to the Divine Life. By the Very 
Rev. Dean Boyle. 

My Sonrees of Strength. By the Rev. E. E. 
Jenkins, M.A. 


Helps to Belief. A SeHes of Helpful Manuals on the Religious Difficulties of the 
Day. Edited by the Rev. Teign.mouth Shore, M.A./Canon of Worcester, and 
ChapIam-in-Ordinary to the Queen. Cloth, is. each. 

Creation. By the late Lord Bishop of Carlisle. 

Miracles. By the Bev, Brownlow Mait- 
land, M.A, 


By the Rev. T. Teignmonth Shore 


The MORALm' of the old TESTAMENr. By 
the Rev. Newman Smyth, D.D. 


THE Divinitv of our LORD. By the Lord 
Bishop of Derry. 

The Atonement. By William Connor Magee, D,D., Late Archbishop of ITork. 


Hid Treasure. By Richard FIarris H>ll. is. 

Holy Land and tbe Bible, The. A Book of Scripture Illustrations gathered 
in Palestine. By the Rev. Cunningham Gf.iicie, D.D., LL.D. (Edin.), With Map. 
Two Vols. 24s. I liustrated Edition, One Vol. 21s. 

Life Of Clirist, TLe. By the Ven. Archdeacon Farrar, D.D., F.R.S.,ChapIain- 
in-Ordinarv to the Queen. 

Cheap Illustrated Edition. Large 410, cloth, 7s. 6d. Cloth, full gilt, gSt 
edges, los. 6d. 

Library Edition. Two Vols. Cloth, 24s. ; mox-occo, 42s. 

Popular Edition, in One Vol. 8vo, cloth, 6s.; cloth, gilt edges, 7s. 6d. ; Persian 
morocco, gilt edges, 10s. 6d. ; tree-calf, 15s. , 

Marriage Ring, Tbe. By William Landels, D.D, Bound in white 
leatherette. Ne%v and Cheaper Edition, 3s. 6d. 

Morning and Evening Prayers for Workhouses and other Institutions. 

Selected by Louisa Twining. 2s. 

Moses and Geology; or, the Harmony of the Bible -with Science. By 
the Rev. S.tMUEL Kinns, Ph.D., F.R.A.S. Illustrated. Demy 8vo, 8s: 6d- 
My Comfort in Sorrow. By Hugh Macmillan, D.D., LDFD., &c., Author of 
“ Bible Teachings in Nature,’’ &c. Cloth, is. 

New Light on the Bible and the Holy Land. By Basil T. A, Evetts, M.A. 
Illustrated. Cloth, 21s. * 


Protestantism, The History of. By the Rev. J. A. Wylie, LL.D. Containing 
upwards of 600 Original Illustrations. Three Vols., 27s. ; Library Edition^ 30s. 
"Quiver” Yearly Volume, The. With about 600 Original Illiisti-ations and 
Coloured Frontispiece. 7s. 6d. Also Monthly, 6d. 

St. George for England; and other Sermons preached to Children. Fifth 

Edition. By the Rev. T. Teignmouth Shore, M.A., Canon of Worcester, 5s. 

St. Paul, The Life and Work of. By the Ven. Archdeacon Farrar, D.D., 
F.R.S., ChapIain-in-Ordinary to the Queen. 

Library Edition. Two Vols., cloth, 24s. ; calf, 42s. 

Illustrated Edition, complete in’ One Volume, with about 300 Illustrations, 
;iS I IS, ; morocco, ;i^2 2s. 

Popular Edition. One Volume, 8vo, cloth, 6s.; cloth, gilt edges, yj?. 6d, ; 
Persian morocco, los. 6d. ; tree-calf, 15s. 

Shall We Know One Another in Heaven ? By the Rt. Rev. J. C. Ryle, D.D., 

Bishop of Liverpool. Ne%v and Ettlarged Ediiion, Paper Covers, 6d. 

Shortened Church Services and Hymns, suitable for use at Children’s Services. 
Compiled by the Rev. T. Teignmouth Shore, M. A., Canon of Worcester. 
Enlarged Ediiion, xs, 

Signa Ghristi ; Evidences of Christianity set forth in the Person and Work of 
Christ. By the Rev. James Aitchison. ss. 

“Sunday:” Its Origin, History, and Present Obligation, By the Ven. Arch- 
deacon Hessey, D.C.L. Fijih Ediiion, 7s, 6d. 

Twilight of Life, The: Words of Counsel and Comfort for^the Aged. By 

John Ellkrton, M.A. is. 6d. 
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Selections fro ?n Cassell Co77tpanfs Publicaiiojts, 


diruraitottal Works ank ^toirrnts' JlCaimals. 

AgriciQtural Text-Books, CasseH’s. (The “ Downton ” Series.) Fully Illustrated. 
^Edited by John Wrightson, Professor of Agriculture. 

Soils Manures. By J. M. H. Munro, D.Sc. (London), F.LC., F.C.S. as. 6d. 

Farm Crops. By Professor Wrigrhtson. as. 6d. 

Livestock. By Professor Wrightson. ss. 6d. 

Alphabet, Cassell’s Pictorial. Size, 35 inches by 42I inches. Mounted on 
Linen, with rollers. 3s. 6d. 

Arithmetic Howard’s Anglo-American Art of Beckoning. The Standard 
'J'eacher and Referee of Shorthand ‘ Business Arithmetic. By C. F. Howard. 
Paper, is. ; cloth, as. New Enlarged Edition^ ss. g. 

Arithmetics, The Blodern School. By George Ricks, B. Sc. Lond. With Test 
Cards. {List on a^plicaiiott.) 

Atlas, Cassell’s Popular. Containing 24 Coloured Maps. 2s. 6d. 

Book-Keeping. ■ By Theodore Jones. For Schools, 2s. ; or cloth, 3s. For 
THE Miluon, as. ; or cloth, 3S. Books for Jones’s System, Ruled Sets of, as. 
Chemistry, The PuhUc School. By J. H. Anderson, M.A. 2s. 6d. 

Classical Texts for ^Schools, Cassell's. [A hst sent post free on dpplicaiiOTt^ 
Cookery for Schools. By Lizzie Heritage. 6d. 

Copy-Books, Cassell’s Graduated. Complete in 18 Books. 2d. each. 
Copy-Books, The Modern School. Complete in 12 Books. 2d. each. 

Drawing Copies, CasseH’s “New Standard.” Complete in 14 Books. 2d., ^d., 
and 4d. each. ^ 

Drawing Copies, CasseU’s Modern School Freehand. First Grade, is. Second 


SdMions from Cassell 6:: Company's Pziblicatwns, 

of Every-Bafy For the Use of Schools, By H, O. Arnold- Forster, 

«. Special Edition on green paper for ’those with weak eyesight, as, 

little FoBes" History of England. By Isa Cr aig-Knox. Illustrated, is. 6d. 
MaMng oftlie Home, Tlie. By Mrs. Samuel A. Barnett. IS. 6d. 
Map-Building Series, Cassell’s. Outline Maps prepared by H. O. Arnold- 
Forstkr, M.P. Per set of 12, IS. 

Marlborough Boohs Arithmetic Examples. 3s. Aritlimetie Holes, is. 6i3. French 
Exercises. 3s. 6d. French Grammar, as. 6d. German Grammar. 3s. fid. 

Mechanics for Young Beginuers, A First Booh of. By the Rev. J. G. EastoxV 
M.A. 4s. 6d. 

Mechanics and Machine Design, Numerical Examples in Practical. By 

R. G. Blaine, M.E. With Diagrams. Cloth, 2s. 6d. 

“Model Joint” Wall Sheets, for Instruction in Manual Training. By S. 
Barter. Eight Sheets,. 2s. 6d. each. , 

Natural History Coloured Wall Sheets, Cassell's New. Consisting of 18 

subjects. Size, 39 by 31 in. Mounted on rollers and varnished. 3s. each. 

Object Lessons from Nature. By Prof. L. C. Mi all, F.L.S,, F.G.S. Fully 
Illustrated. New and Enlarged Edtitott. is. 6d. each. 

Physiology for Schools. By Alfred T. Schofield, M.D., M.R.C.S., &c. 
With Wood Engravings and Coloured Plates, is. gd. Three Parts, paper cover^, 
Sd. each ; or cloth limp, 6d. each. 

Poetry Headers, Cassell’s New. Illustrated. 12 Books, id, each. Cloth, is. 6d. 
Popular Educator, Cassell’s New. With Revised Text, New Maps, New Coloured 
Plates, New Type, &c. Complete in Eight Vols. ss. each; or Eight Volumes in 
Four, half-morocco, 50s. 

Reader, The Citizen. By H. O. Arnold-Forster, M.P. Cloth, is. 6d. ; also a 
Scottish Edition, Cloth, is, &d. 

Reader, The Temperance. By Rev. J. Dennis Hird. is. 6d. 

Readers, Cassell’s “Higher Class. ” [List on application.) 

Readers, Cassell’s Readable. Illustrated. {List on application.) 

Readers for Infant Schools, Coloured. Three Books. 4d. each. 

Readers, The Modem Geographical. Illustrated throughout. {Listonapplicatiojt,) 
Readers, The Modern School. Illustrated. {List on application.) 

Reading and Spelling Book, Cassell’s Illustrated, is. 

Round the Empire. By G. R. Parkin. With a Preface by the Rt. Hon. the-^ 
Earl of Rosebery, K..G. Fully Illustrated, is. 6d. op ' 

School Certificates, Cassell’s. Three Colours, 6:|X4| in., id. ; Five Colours, 

Ilf X in., 3d. ; Seven Colours and Gold, 9I X 6% in., 3d. 

Science Applied to Work:. By J. A, Bower. Illustrated, is. 

Science of Every-Day Life. By J. A. Bower. Illustrated, is. 

Sculpture, A Primer of. By E. Roscoe Mullins. Illustrated. 2s. 6d. 

Shade from Models, Common Objects, and Casts of Ornament, How to. By 

W. E, Spakkes. With 25 Plates by the Author. 3s. 

Shakspere’s Plays for School Use. Illustrated. 5 Books. 6d, each. 

Spelling, A Complete Manual of. By J. D. Morell, LL. D. is. 

Technical Educator, Cassell’s. Illustrated throughout. New and Revised 
Edition. Four Vols. 5s. each. 

Technical Manuals, Cassell’s. Illustrated throughout. 16 Vols., from 2s. 1045. 6d. 
{List free on application.) 

Technology, Manuals of. Edited by Prof. Ayrton, F.R.S., and Richard 

WoKMELL, D.Sc., M.A. Illustrated throughout. 


The Dyeing of Textile Fabxios. By Prof. 
Hummel. 5s. 

Wateh and Clock Making. By D. Glasgow, 
Vice-President ot the British Horological 
Institute. 4s. fid. 

Steel and Iron. By Prof. W- H. Greenwood, 
F.C.S., M.I.C.E.. &c. ss. 


Design in Textile Fabrics. By T. R. Ashen- 
hurst. 4S. fid. 

Spinning Woollen and Worsted. By W. 

S. McLaren. M.P. 4s. fid. 

Fracticai Mechanics. By Prof. Perry, M.E. 
3s. 6d. 

Cutting Tools Worked by Hand and Ma- 
chine. By Prof. Smith. 3s, fid. 


Things New and Old ; or. Stones from English History. By H. 0 . Arnold- 
Forster, M.P. Fully illustrated. Strongly bound in Cloth. Standards I and il., 
gd. each ; Standard III., is. ; Standard IV., is. 3d. ; Standards V., VI., and VI I , 
IS. 6d. each. . : ■ 

World of Ours, This. By H. O. Arnold-Forster, M. P. Fully Illustrated. 3s. 6d. 
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Selections from Cassdl & Companfs Publications. 

for f oung 

Little Folks” HaJf-Yearly Volume. Containing 432 pages of Letterpress, with 
T' ne^Iy every page, topther with Two Full-page Plates printed in Colours 
Ua Coloured boards, 3s. 6d. ; or cloth gilt, gilt edges. 5s. 

Bo-Peep. A Book for the Little Ones. With Original Stories and Verses. 

on nearly every page, and Coloured Frontispiece. 
« Elegant picture boards, 2s. 6d. ; cloth, 3s. 6d. ^ 

Bashful Fifteen By L. T. Meade. Illustrated. Cloth gilt 3s. 6d., or extra 
cloth gilt, gilt edges, ss. 

Peep Of Day, Cassell’s Illustrated Edition. 2s. 6d. 

Maggie Steele’s Diary. By E. A. Dillwyn. 2s. 6d. 

A Bundle of Tales. By Maggie Browne, Sam Browne, & Aunt Ethfl qs 6d 
F^ry Tales in Otter Lands. By Julia Goddard. Illistrated ,r6d ^ 
Story Poems for Young and Old. By E. D.AvriNPORx cjs 6d ’ ’ 

Pleasant Work to Busy Fingers. By Maggie Browne, ilhsirated. cs. 

Usances anpiARYARNOLD-FoRSTER. Illustrated, is. 
Magic at Home. By Prof. Hoffman. Fully lUustrated. A Series of easy 
and startling Conjunng Tricks for Beginners. Cloth gilt ns. 

Sctootoom ^ Home Theatricals. By ArthuS Waugh. With lUustra- 
tions by H. A- J. Miles. Cloth, 2s. 6d. 

Little Mother Bunch. By Mrs. Molesworth. Illustrated. Cloth, 3s. 6d. 

Heroes of Every-Day Life. By Laura Lane. With about ao Full-paoe 
illustrations. 256 pages, crown 8vo, cloth, 2s. 6d. ^ ^ 

Ships SaUors, and the Sea By R. J. Cornewall-Jones. Illustrated 

contaming a Coloured Plate of Naval Flags. Cheap Edition 2s. bd. 
Gift Books for Young ^ople. By Popular A'uthors. With Four o’riginai 
Illustrations m each. Cloth gilt, is. 6d. each. 

Tito; or, *;#iLoae who Live in Glass •CTrsSa's^^SSnff-BIock 

“Golden Mottoes” Series, The. Each Book containing 208 pages, with Four 

full-page Original Illustrations. Crown 8vo, cloth gilt, 2s. each. * 


“ Bear and Porbear.” By Sarah Pitt. I \\ at a Sure End." By Emily Searchfield 

“Foremost if I Can." By Helen Atteridge. 1 of » 

“Cross and Crown” Series The. With Four Illustrations in each Book Crown 

8vo, 256 pages, 2S. 6d. each. xjuuk.. v..,rown 


Heroes of the Indian Empire ; or. Stories of 
Valour and Victory. By Ernest Foster. 
Through Trial to Triumph; or. “The 
Boyal Way. By Madeline Bonavia Hunt. 
In ^tters of Plame ; A Story of the 
Waldenses. ByC. L. Matdaux. 

Strgi^^to S^er; A Story of the Jews. By 


^ of Kugue- 
. , Sy Thomas Archer, ® 

of Kirk and 

Tv« By Annie S. Swan. 

^ Story of the Lost Vestal. 

MaShlll?^ Christian Days. By Emma 

Story of the Pays of 
Wallace and Bruce. By Annie S, Svvan! 


.r* V By Annie S, Swan. 

With Original Illustrations. Cloth 

By Henry Frith. , 

xheC^impion of Odin; or. Viking Life Bound by a SneE* or f>»A 'wrf*. 

Albums for Children. Price 3s. 6d. each. 

The CMt-Chat Album. Illustrated. 1 « 

of Animals. lUustrated. 

Set in bold type, and illustrated throughout, j Picture Album of All Sorts. Illustrated 

“Wauted~a King” Series. Illustrated. 3 s 6 d each 


Ko bin’s Ride. By Ellinor Divenport Adams'. 
Gr^t - Grandmamma. By Georgina M. 
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Seiections from Cassell fk Compaji^s PubliccUions. 


Crpwm Svo Library. Cheap Editkms, 
Rambles RoTind London. By C. L. 
Illustrated. 

Around and About Old England. By C. 

■ , L. Mateaux. Illustrated. ' 

Paws and Claws. By one of the Authors of 
“ Poems Written, for a Child." Illustrated. 
Decisive Events in History. By Thomas 
Archer, AVith Original Illustrations. 

The True Robinson Crusoes. Cloth gilt. 
Peeps Abroad for Polks at Home. Illus- 
trated throughout. 


as. 6d. each. 

Wild Adventures in Wild Places. By Dr. 
Gordon Stables, R.N. Illustrated. 

Modern Explorers. By Thomas Frost. Illus- 
trated. A/Ifw and cheaper Ediiion. 

Early Explorers. By Thomas Frost. 

Home Chat with our Young Polks. Illus- 
trated throughout. 

Jungle, Peak, and Plain. Illustrated 
throughout. 

The England of Shakespeare. By E 
Goadby. With Full-page Illustrations. 


niree and Sixpenny Books for Young People. With Original Illustrations. 

Cloth gilt, 3S. 6d. each. 

+ The Kmg’s Command. A Story for Girls, * i Polly. By L. T. Meade, 
f A Sw^eet fi?l By L. T. Meade. ^ Beautiful. By L. T. Meade, 

t The White House at Inch QPow. By Sarah "PoUow my Leader.” 

Pitt ‘Pnv> Pni»t.iinA fl.n/4 


Lost in Samoa. A Tale of Adventure in the 
Navigator Islands, By E. S. Ellis. 

Ta<^; or^J Getting Even” with Him. By 


t The Palace Beautiful. By L. T. Meade. 
"Pollow my Leader.” 

Por Portune and Glory. 

The Cost of a Mistake. By Sarah Pitt 
Lost among White Africans. 

A World of GMs, ByL. T. Meade. 


Books marked thus f can also be had in extra cloth gilt, gilt edges, 5s, each. 

Books by Edward S. Ellis. Illustrated. Cloth. 2s. 6d. each. 


The Hunters of the Ozark. 
The Camp in the Moun- 
tains. 

Ked in the Woods. A Tale 
of Early Days in the West. 
Down the Mississippi. 


The Last War Trail. 

Hed on the River. A Tale 
of Indian River Warfare. 
PootpiintB in the Forest. 
Dp the Tapajos. 


Hed in the Block House. 
A Story of Pioneer Life in 
Kentucky. 

The Lost IPrail. 

Camp-Pire and Wigwam. 
Lost in the Wdds. 


Sixpenny Story Books. By well-known Writers. All Illustrated. 

Smuggler’s Cave. i Little Bird. I My First Cruise 

Little Lizzie. Little Pickles v..riuse. 

The Boat Club. The Elehester College Little Peacemaker. 


The Boat Club. 
Luke Baraieott. 


Little Pickles. 

The Elehester College 
Boys. 


The Delft Jug. 


Cassell’s Picture Story Books. Each containing 6o pages. 6d each. 

T.itt.lA Ta.Tlrft. I T)a.isv’H Stoirw TirtAlr. I a. d . fc. ‘ 


Little Talks. 
Bright Stars. 
Nursery Joys. 
Pet’s Posy. 
Tiny Tales. 


Daisy’s Story Book. 

Dot’s Story Book. 

A Nest of Stories. 

Good Night Stories. 

Chats for Small Chatterers. 


Illustrated Books for tbe Little Ones. Containing 
Illustrated. IS. each; or cloth gilt, IS. 6d. 

Firelight Stories. Dumb Friends. 

Sunlight and Shade. Indoors and Out. 

Rub-a-dub Tales. Some Farm Friends. 

Pine Feathers and Fluffy Those Golden Sands. 


Fur. 

Scrambles and Scrapes. 
Tittle Tattle Tales. 


Dumb Friends. 

Indoors and Out. 

Some Farm Friends. 
Those Golden Sands. 
Little Mothers and their 
Children. 

Our Pretty Pets. 
Wandering Ways. 


Auntie’S Stoiies. ^ 

StoriJ- Book. 

Little Chimes. 

A Sheaf of Tales. 

Dewdrop Stories. 

interesting Stories. All 

Our Schoolday Honrs. 
Creatures Tame, 

Creatures Wild. 

f Down the Garden. 
All Sorts of Adventnrea 
Our Sunday Stories. 

Our Holiday Hours. 


SMUing Story Books. All 

Seventeen Cats. 

Bunty and the Boys. 

The Heir of Elmdale. 

The Mystery at Shoneliff 
School. 

Claimed at Last, and Roy’s 
Reward. 

Thorns and Tangles. 


Illustrated, and containing Interesting Stories. 


' 

The Cuckoo in the Robin’s 
John’s Mistake. [Nest. 
Diamonds in the Sand. 
Surly Bob. 

The History of Five Little j 
Pitchers. 

The Giant’s Cradle. I 

Shag and DoU. 1 


Aunt Lucia’s Locket. 
The Magic Mirror. 

The Co^ of Revenge. 
Clever Frank. 

Among the Redskins. 
The Perryman of Brill. 
Harry Maxwell. 

A Banished Monarch 


E^Meenpeimy Story Books. All Illustrated throughout. 

UVilHo "Otrivjlrio i -r,- i a a, .... 


Wee Willie Winkie. 

Ups and Downs of a Don- 
key’s Life. 

Three Wee Ulster Lassies. 


I S?”" Morris’s Error. 


Emperor. 

Roses from Thoms, 
Faith’s Father. 


UptoeLadd^. By Land and Sea. 

Bo;f Stories. T^ Young Berringtons. 


Jeff and I^ff. 


® jarror. 

vv^rth more than Gold, 
^^toough Flood— Through 

The Girl with the Golden 
Locks. 

‘ Stories of the Olden Time. 



Sekctions from Cassell d: Com/anfs Puhlkations, 


Two-Shilling Story Books. All Illustrated. 

Stories of tlie Tower. The ddldren of the Court. 

Mr. Burke’s ITieees. A Moonbeam Tangle. 

May Cunningham’s Triah Maid Marjory. 

The Top of the Ladder ; The Pour Cats of the Tip- 
How to Beach it. pertons. 

Little Flotsam. Marion’s Two Homes. 

Madge and her Friends. Little Folks’ Sunday Book. 

Half-Crown Story Books. 

Margaret’s Enemy. 

Pen’s Peralexities. 

Hotatole Shipwrecks. 

Golden Bays. 

Wonders of Common Things. 


Two Ponrpenny Bits. 
Poor ISTeUy. 

Tom Heriot, 

Aunt Tabitha’s Waifs, 

In Mischief Again. 
Through Peril to Fortune, 
andl other Tales. 


At the South Pole. 

Truth will Out. 

Pieces of School Life and Boyhood. 

The Young Man in the Battle of Liib. By 
the RevfDr. LandeLs. m 

Soldier and Patriot {George Washington). 

Cassell’s Pictoriaa Scrap Book, in- Six Sectional Volumes. Paper boards 

clotli l^.cS, 3S. 64 . per Vol. 

Op Sers^ Boolu , ) The Magpie Scrap Book. 

The Seaside Scrap Book. The Lion Scrap Book. 

The Little Folks’ Scrap Book. I Ihe Elephant Scrap Book. 

Books fOB tike Little Ones. Fully Illustrated. 

With Original iJIus. 

Alluigham. BeautiiuJly Illustrated. 3s. 6d. ; trations. Boards, is. : cloth, is. 6d. ^ 

Thl’‘a&8«ap Book. WiU. oeariy i 

Casl;S'-s’""SSsan“aJ^i“- with .» i “Ttwl. ClShf 3S^S;^St 

Ihustrationa Cloth, 3s. 6cl. ; gilt edges, 5s. I ^ ^ ® 


CASSELL & COMPANY^ Limited, LudgeUe Hill, Lomtm 
Paris & Melboimte, 




